








PUBLISHED WEEKLY 


By THE TECHNICAL PUBLISHING CoMPANY, ATLAS BuILDING, 604 Mission Street. SAN Francisco Cat, 
Entered as second-class matter May 7, 1906, at the Post Office at San Francisco, Cal., under the Act of Congress March 3, 1879 


VoL. XVIII. No. 15 


OKONITE 4& WI! 


The Standard for Rubber Insulation 


Okc nite Tape, Manson Tape, 
Candee Weather-proof Wire, 
Candee (Patented) Potheads. 


THE OKONITE COMPANY, 253 BROADWAY, 






Meese X& Gottfried Company 


19th and Harrison Sts., SAN FRANCISCO 


Power Transmitting Machinery 


Of all description. We have a larger stock of 
Shafting, Hangers, Boxes, Pulleys, etc., than ever 


Seattle San Francisco Los Angeles 









INDIANA RUBBER AND 
INSULATED WIRE CO. 


———""" MANUFACTURERS OF 
PARANITE AND PEERLESS 
RUBBER COVERED WIRES 

AND CABLES 


Underground, Aerial, Submarine and Inside Use 
TELEPHONE, TELEGRAPH AND FIRE ALARM CABLES 


All Wires are Tested at Factory JONESBORO, IND. 


ELECTRIC APPLIANCE CO. 


315 Main St., San Francisco Pacific Coast Agents 





o 
Bristol’s Recorders 
For Every Electric Light 
Railway, Power and Gas Plant Compel 
Safe and Efficient Operation 
Send for Catalogue A. V. 
The Brist.ol Co., Waterbury, Conn. 
Y., 114 Liberty St. 









N, Chicago, 753 Monadnock Block. 


BROOKS-FOLLIS ELECTRIC CORP. 


Electrical Supplies of all Kinds in Stock 
214 FIRST STREET, Cor. Tehama SAN FRANCISCO 
OAKLAND, 563 13th Street 














R. J, DAVIS, President 
B. C. VAN EMON, Viee-President and Manager 
H. B. RATHBONE. Secretary and Treasurer 
OFFICE AND CONSTRUCTION DEPARTMENT 
52 - 54 NATOMA STREET, SAN FRANCISCO 









The National Conduit & Cable Co. 








VAN EMON ELEVATOR CO. 


genurscturers HIGH-GRADE ELEVATORS 


NOT_IN THE ELEVATOR TRUST 


SAN FRANcIsScO, CAL., April 13; 1907. Sr pies ye plinn abe renga 





PITTSBURG 





PHIL = PHIA ATLANTA 
YORK BOSTON ST. L¢ SAN F — 
¥ ANGELES OAKLAND SEATTL 


PACIFIC COAST DEPT, p..6,SAURMIN BACON BLOCK, OAKLAND, CAL. 


VULCAN. 
Refrigerating and Ice Making Machinery 


Manufactured by 
VULCAN IRON WORKS 
2 D'G « FRANCISCO NI 
OFFICE: oot MISSi IN STREET WORKS: KI ARNEY SI 


San Francisco, California. 






















Los Angeles Oakland 


San Francisco 


HENSHAW, BULKLEY & 60, 


Exclusive Agents Ames Engines and Boilers 
219-221 Spear St. San Francisco, Cal. 







Manufacturers of 
TROLLEY WIRE 
BARE COPPER WIRE AND CABLES 
WEATHERPROOF WIRES AND CABLES 
PAPER-INSULATED CABLES 


FOR TELEPHONE, TELEGRAPH AND POWER 


703 MONADNOCK BUILDING, SAN FRANCISCO 


Cc. H. PENNOYER, PACIFIC COAST MANAGER 


PACIFIC METER CO. 


MANUFACTURERS OF 


WET AND DRY GAS METERS, STATION 
METERS, PROVER’S GAUGES, ETC. 


917 ano 918 MONADNOCK BUILDING. SAN FRANCISCO, CAL 





DIRECTORS 

Louts F. MONTEAGLE W. P. PLUMMER 

GEO. M. PINCKARD R. S. HUNKINS 
FACTORY AND FOUNDRY 

WEST BERKELEY, CAL. (32,000 sq.ft.) 


is sie eee ae 














a 
mses 5 aa 
























je SAS. 


we 5 


ee: ap eta atin, MocErci te” 


THE JOURNAL OF ELECTRICITY, POWER AND GAS 


KEEP COOL 


then you will send all of your orders to us for 
electrical supplies and machinery. You first 
want some of our 


i ’ 
i “s wane 2 ene eee ee ee wT a - ae 
-————__—_—_ ——- - - ae ene — SS “3 

Memo. . ee Soares 


Ee ae 


Pillsbury A.C. Ceiling Fans 


Jandus A. C. or D. C. Com- 


bination Trunion Base 
Desk and Bracket Fans 


Jandus A. C. and D. C. 
Gyro Fans 


a2 


We unhesitatingly assert that these are the 
BEST on the market, not the CHEAPEST, but 
second to none and far superior to any in 
construction, durability, operation and effi- 
ciency. A full stock on hand for delivery to 
the TRADE and CENTRAL STATIONS ONLY. 


WRITE FOR BULLETINS and PRICES or 
ORDER ASAMPLE. We know you’ll order more. 


a ee 1 ee 


STANDARD GOODS AT STANDARD PRICES 


STANDARD ELECTRICAL WORKS, 


58 @ 60 Natoma Street Phone, Temporary 894 SAN FRANCISCO, CAL. 














THE 


Journal of Electricity, Power and Gas 


WITH WHICH IS 


INCORPORATED 


The Engineers’ Architects’ and Builders’ News 





VoLuME XVIII. 


SAN FRANCISCO, CAL., APRIL 13, 1907 No. 15 





The Economy of Electric Power in Quartz Minin.’ 


By C. O, POOLE 


The subject matter of this paper has been largely 
obtained from the practice of the mines on the Mother Lode 
in Amador and Calaveras counties, California. This paper 
is not intended as a scientific treatise of the subject, but its 
object is to present in a practical way the economical results 
obtained by the use of electric power in comparison with 
steam power, using wood, coal and oil as fuel. 

For more than fifty years the monotonous rumble of the 
stamp mills has echoed and re-echoed among the hills in the 
vicinity of Amador and Sutter Creek, and they seem des- 
tined to rumble for another fifty years, thus completing a 
century of echoes and prosperity throughout the community. 
Recent developments have demonstrated that almost inex- 
haustible bodies of ore lie far below the surface of the 
ground. Old mines that were thought to have been worked 
out, and were abandoned and left idle for a quarter of a 
century, have within the past few years been reopened, and 


him that your proposition has merit, and a saving in cost 
of operation can be effected by. its adoption, he will enter 
into the scheme with you, and better treatment than you 
will receive at his hands could not be asked for. Until 
quite recently the source of power at these mines has been 
steam and water power. The water wheels are working 
under heads varying from 160 feet to 520 feet. Water power 
under the last named head, at the prices now charged there, 
is about equivalent in cost to electric power at $6.50 per 
horsepower per month. On heads lower than this, however, 
it is obvious that material savings can be made, hence, water 
wheels in this locality are rapidly becoming a thing of the 
past. 

The uses of water at a mine are somewhat varied, and 
in applying electric power, each case is a study by itself. 
The principal uses consist in driving stamps, concentrators, 
air compressors, sawmills, blowers, pumps and hoists. It is 





A GENERAL VIEW OF THE ONEIDA MINE IN AMADOR COUNTY. 


their owners, by sinking deeper into the ground, were re- 
warded by striking large bodies of pay ore that insure a 
profitable return for many years to come. 

The ore encountered in this locality is of low grade, 
ranging from $2.50 to $6.00 per ton; hence, in order to work 
a mine profitably under these conditions, it must be well 
managed. The mine superintendent must be a very ver- 
satile man; he must have good business judgment, and he 
must be scientific, mechanical, practical and economical. You 
must not be surprised, then, upon approaching him with a 
proposition to equip his mine with electric power, if your 
stereotyped arguments are received with a kind but pitying 
smile, and you in turn receive a very valuable lecture on 
power for mines. If, however, you are able to convince 

*Reprinted by request from the July, 1902, number of the 
Journal of Electricity, Power and Gas. 





the hoist that I particularly wish to dwell upon. The con- 
clusions that I draw in this connection may differ widely 
from the ideas of many, but I am, nevertheless, firm in my 
convictions. 

The fuel used for steaming purposes is principally wood 
and fuel oil. Coal has been used, but not to any great 
extent. The competitors to electric power are, therefore, 
wood and oil. If there is one mistake that a mine super- 
intendent makes, it is in estimating the amount of power 
that he is using. He invariably over-estimates the actual 
horsepower consumed and owing to the intermittent char- 
acter of the work (except that of the mill), it is very diffi- 
cult to accurately estimate the power developed by a steam 
engine used in mining duty. If, then, you are told that 
he is making a horsepower for $8.00 or $10.00 per month 
with wood, don’t be discouraged, for in obtaining these 
figures he may have divided his fuel bill by the rating of 
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a 100 horsepower engine, when the average power developed 
was less than fifty horsepower. 

In order to demonstrate what can be done with steam 
power, let us enter into a few figures: 


; Wood. 

A cord of dry pine wood (which is the variety of wood 
used in this section), weighs approximately 2,000 pounds, and 
its contents measure 128 cubic feet, of which about 56 per 
cent. is in wood and 44 per cent. is in spaces. 

The composition of average air-dried wood, which 
carries 5000 British thermal units (B. T. U.) per pound, is 
as follows: 


Castine. ti Ais 37.50 per cent 
Hydrogen ........:. 4.50 " 
Onyaet os isescsces 30.75 " 
Nitrogen: 0: vs sseaess 75 _ 
Aah (sissies eee 1.50 = 


Hygrometric water.. 25.00 





100.00 per cent 
Given the heat units in a pound of wood and the pounds 


consume 30 pounds of steam per horsepower hour, working 
on unsteady loads. If, then, we divide the total pounds of 
water evaporated by a cord of wood into the pounds of 
steam consumed per horsepower hour by the engine, we get 
6996=203 horsepower hours. Taking the cost of wood at 
$5.00 per cord, the cost per horsepower hour will be 55-00 
=$0.0247. As there are 720 hours’ in a thirty day month, 
the cost per horsepower per month will be $0.0247x720= 
$17.78. While it is possible to do somewhat better than this 
with a plant working under favorable conditions, it will be 
found in general mining practice that the price is rather 
above this figure than below it. 


Through the kindness of Mr. J. C. Kemp Van Ee, of 
the Royal Consolidated Mine, Calaveras County, I am able 
to present the results of an efficiency test of a steam plant 
working under almost ideal conditions. The plant in question 
is driving a 40-stamp mill, consisting of 20 stamps weighing 
1050 pounds each, and 20 stamps weighing 800 pounds each, 
all with a drop of 5% inches, making 110 drops per minute. 
The mill contains 12 concentrators in addition to the mill 
equipment, and the engine drives a 7-kilowatt generator for 





THE ONEIDA CONCENTRATORS ARE DRIVEN BY A 30 HORSEPOWER INDUCTION MOTOR 


of wood per cord, let us now proceed to demonstrate the 
cost of steam power with wood for fuel. 

A pound of saturated steam at 90 pounds gauge pressure 
contains 1215 heat units. If the feed water, after passing 
through an exhaust heater, has a temperature of 150° F., 
then the actual heat units absorbed by each pound of water 
evaporated, will be 1215—150=1065 British thermal units. 
The theoretical evaporation of a pound of wood under these 
conditions will be $809—4.69 pounds, which are the heat 
units contained in a pound of wood, divided by the heat units 
required to evaporate a pound of water. 

Assuming a boiler efficiency of 65 per cent (which is as 
good as can be expected when working under variable loads), 
the actual evaporation under working conditions will be: 
4.69x.65=3.048 pounds of steam per pound of wood; a cord 
of wood, then, weighing 2000 pounds, will evaporate 3.048x 
20006096 pounds of water into steam at 90 pounds gauge 
pressure. : 

The ordinary simple non-condensing steam engine will 


supplying lights for the mill and houses. The results of this 
test follow: 


EVAPORATION TEST OF SECOND GROWTH. PINE 


WOOD. 

WG 0 DORE 2 6666 i SOS boas Horizontal tubular. 
ee EINE oo cai coke eo ca ear 66 inches diameter by 16 ft. long 
Number of tubes............. 98 three-inch tubes. 
Heating surface of shell....... =132 square feet. 
Heating surface of tubes...... =1230 square feet. 
Total heating surface......... =1362 square feet. 
CORRE SENOS ios i osas Cee ts ke 25 square feet. 
Ratio of heating surface to 

grate surface.............. =54.5 to I. 
Duration of test.............. 10 hours. 
Amount of wood burned.....=2% cords. 
Weight of wood burned...... =9331 pounds. 
Weight of wood per cord..... =3554 pounds. 


Total water evaporated...... =25,124 pounds. 
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Temperature of feed water....60 8° F. 
Steam pressure, average gauge.101 4 pounds. 
Water evaporated per pound of 

wood, actual conditions.... =2.693 pounds. 
Water evaporated per pound of 

wood from and at 212°....=—=3.224 pounds. 
Cealits: Of stele lio cs oi. es Practically dry. 

While the test shows an evaporation of 3.224 pounds of 
water per pound of wood, the results actually obtained in 
practice are about 12 per cent better than this, as the feed 
water is heated by the exhaust steam from the engine and 
enters the boiler at 198° F. Owing to the difficulty of 
arranging the weighing device for handling the feed water 
after passing through the heater, we were forced to use cold 
water, cutting the heater out of service. Adding this 12 
per cent, the evaporation is 3.61 pounds of water per pound 
of wood. 





THE 60-STAMP MILI, AT ONEIDA MINE IS DRIVEN BY A 
150 HORSEPOWER INDUCTION MOTOR 


The heat units imparted to the water were 1117x25,124= 
28,063,508. Assuming an efficiency of 70 per cent for the 


boiler, the total heat units given out by the wood was 
2.8.0,6.8:5 0 840,090,725, and the heat units per pound of wood 
amount to 4.0.090.725:4206, which is about right for that class 
of wood. 

The power cost for running this mill with wood at $4.25 
per cord, is as follows: 


Fuel cost per horsepower hour...... $0.0103 
Labor cost per horsepower hour.... 0.0023 
$0.0126 
Making the cost per horsepower per month to amount to 


$9.07. 

The results obtained from this plant are surprisingly 
good, but it must be borne in mind that it is a very efficient 
plant, which is working under the most favorable conditions. 
The boiler and engine are properly proportioned for the 
duty, the load is constant, the engine cuts off at the proper 
point to obtain the best results from the expansion of the 
steam, and the feed water is heated to a remarkable degree. 
I think it will be acknowledged that a plant operating under 
the fluctuating conditions of the average mining load, such 
as hoists, air compressors, pumps, rock crushers, sawmills, 
etc., that the consumption of steam per horsepower hour 
will reach from 30 to 35 pounds instead of 23, as shown by 
the test data above, and the efficiency of the boiler will be 
below 70 per cent. 

Coal. 


A good quality of steam coal yields 13,000 British ther- 


mal units by oxygen calorimeter, the approximate analysis 
being as follows: 


MONI 6 al eS own alc 3.50 per cent. 
Volatile combustible matter.. 34.27 “  “ 
PR WUNONE cess sek ekeeees §4.23 “ . 
Ash and waste .............. ae 





100.00 per cent. 

This quality of coat can be landed at the mines for 
about $13.00 per ton of 2240 pounds. Under the same con- 
ditions upon which wood was figured, the cost of power, 
using coal for fuel, will be approximately as follows: 

Theoretical evaporation=12.2 pounds of water per pound 
of coal. 


Actual evaporation under working conditions=7.93 
pounds of water per pound of coal, which=17,763 pounds of 
steam per ton of coal. 

Horsepower hours per ton of coal=592; cost per horse- 
power hour=$0.022; cost per horsepower per month=$15.84. 

While this cost appears somewhat less than wood, yet 
for general mining work wood has many advantages over 
coal, 


Fuel Oil. 


We now come to the real competitor of electric power in 
California,—wood and coal having fallen an easy prey—but oil 
offers a more stubborn resistance, especially in the valleys 
or at tide water, where it can be landed to the customer at a 
price of 67 cents a barrel. In the mining districts, however, 
where the transportation rates are high and oil costs $1.50 
per barrel, it is not such a formidable foe. It is well, how- 
ever, for the transmission people to keep informed on the 
oil situation, for oil has come to stay in California. 

Within the past few years, the oil developments in this 
state have been phenomenal, and the hundreds of thousands 
of acres of oil lands which are already prospected and devel- 
oped, insure a supply for many years to come. The oil sands 
in the Kern River and Bakersfield districts range in thick- 
ness from a few feet to five hundred feet, and they contain 
from 30 per cent to 40 per cent of oil. Of course, all of this 
cannot be extracted by the ordinary methods of pumping, 
but it is safe to say that 10 per cent of the bulk of good oil 
sand is extractable. 


Here are some characteristics of various crude oils: 


ANALYSIS OF BEAUMONT CRUDE. 


Mee ore saw nee Cate ecs ees oe ep” BB. 
I ee aii oss oie edice's = 142° C. 
nt NE rea a ee. = a8r™ C. 
oie celica dG une oanie 6s = —6° C. 
CNS ela gen oe ce g's = 85.03 per cent. 
PE NOUION wi imadicvned css ~~ ™ . 
Oxygen and Nitrogen... = .92 ‘ _ 
I ac ceded Oe er aici gage 





100.00 per cent. 
British thermal units by oxygen calorimeter=19,060. 
5 per cent of steam required to vaporize in burners. 


ANALYSIS OF VENTURA COUNTY CRUDE. 


ENE Cob os Newoks sucks = 23.5°B 
NN Sots ih maakee cae s = 84.0 per cent. 
Co os adie week a = 127 

DONNIE Sc 5 4s Sate tins ven ae a 

CP Tce ctek bec dens: =. is 

DI ieibaWebee ers cce = 04 





100.00 per cent. 
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GRAVITY OF DIFFERENT CALIFORNIA OILS. 
Central oil fields, Los Angeles..... 16° and 17° B. 


Mackintosh wells, Los Angeles.... 13° B. 
Matteban: Teeets 363s ies Cea 14° B. 
Summerland, Santa Barbara Co.....15° to 17° B. 
Sunset Oil District, Kern Co....... 15° B. 
TACO BS iS es i as se eek 23° B. 
FOUR OPNS |S. ons weknn vans ase ores 22° B. 
DER vaca ced eheeliwssehes «s 25° B. 
Costinga COR°CHY) ccs Si. 34° B. 
Puente Oil WellB. api i ce oe 6 68 23° to 28° B. 
Pacific Coast Oil Co., Pico Canyon 40° B, 
Tuntas Creek, San Mateo Co...... 45° B. 
Moody Gulch, Santa Clara Co..... 44° B. 


GRAVITIES OF CRUDE OIL. BEAUME HYDRO- 
METER, TEMPERATURE, 60° F. 


j 
Special 
Gravity 


Weight 
per Bbi. 


Barrels 
per Ton 


Barrels 
per Ton. 


Specific Weight 
Gravity. 

















| per Bbi. 
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It will be seen from the table that the weight per barrel 
varies perceptibly with the gravity, and at first sight it may 
appear that the low gravity oil would be cheaper to use, but 
in fact there is very little difference in the fuel value of a 
barrel of oil, whether the gravity be 14° or 34°; for while 
there are more pounds in a barrel of low gravity oil, there 
are less heat units per pound. 

From an average of several samples that I have tested, 
16° B. oil contains 18,000 British thermal units per pound, 
and 34° B. oil contains 22,200 British thermal units. 

Coming back to the original subject, let us work out the 
cost of steam power with oil for fuel, under the same condi- 
tions that wood and coal were treated. 

A barrel of 16° B. oil weights (allowing for wastage) 
330 pounds, delivered; heat units per pound=18,000, theoreti- 
cal evaporation=16.9 pounds; actual evaporation—boiler effi- 
ciency at 65°=10.98 pounds; pounds of water evaporated per 
barrel of oil=3623; horsepower hours per barrel of oil=120.7; 
price per horsepower hour, oil at $1.50 per barrel=$o.0142; 
price per horsepower per month=$8.93. 

This result can be obtained under the most favorable 
conditions, but it is safe to say that with ordinary mining 
practice, it will cost at least 30 per cent more than this 
amount, for oil on a variable load is more difficult to handle 
economically than either wood or coal, and the losses are 
consequently far greater. The true cost per horsepower 
month, would then be fully $11.90. 

Taking the cost of electric power at $6.50 per horse- 
power month, the comparative costs for power will be as 
follows: 


Wood...... $17.78 Saving effected by electric power. .$11.28 
Coakirs ii. < 15.84 , = . mn se 9.34 
Fuel oil... 11.90 - “4 = er 5.40 


The mine superintendent takes kindly to the electric 
motor for all purposes except for hoisting, and to my mind 
his exception is well taken, for until a simple, better and 
more reliable electrical hoist is developed I will hesitate to 
recommend them to a customer. In my opinion, compressed 
air is going to be universally used for hoisting purposes, 
where cheap electric power is obtainable and when a com- 
pressor is required for other purposes in the mine. In the 
ordinary use of a compressor at a mine, it is not used to 


its rated capacity more than 40 per cent of the time. If, then, 
receiver capacity be available to store the air at times of 
light demand upon the compressor by the drills, and thus 
enable the compressor to be operated at full load all the time, 
the motor and compressor would be run at their highest 
efficiency and sufficient air could be stored to operate the 
hoist under ordinary conditions, and quite efficiently, too, by 
re-heating the air. It is not generally known that a pound 
of coal used for re-heating air will produce a horsepower 
hour, while it requires from four to five pounds of coal to 
give the same result with steam; but such is the case, if the 
air be used in an engine fitted for the purpose. 

But, for the sake of argument, let us suppose that we 
use the air without re-heating, and assume that air and 
steam are equal, so far as expansive effects are concerned; 
then, if electric power costs $6.50 per horsepower per month, 
and the compressor has an efficiency of sixty per cent., the 
cost for air delivered to the engine will be $10.83, as against 
oil at $11.90, and by using a small amount of fuel for re-heat- 
ing, these results can be far exceeded. 





AT THE KEYSTONE MINE A 300 HORSEPOWER INDUCTION 
MOTOR RUNS A COMPRESSOR THROUGH A ROPE DRIVE 


At the Lightner Mine, Calaveras County, electric power 


has been used exclusively for several years. A 150-horse- 
power motor drives a two-stage compressor thirteen inches 
by twenty-two inches stroke, and running at seventy-five 
revolutions per minute. The sawmill, a pump and a blower 
are also driven by the same motor. The relief pipe from the 
air receivers is connected to the steam boilers, two of which 
act as additional receivers, and another one of them being 
used as a re-heater. About one cord of wood is burned per 
day in re-heating. There is operated a sixty-stamp mill, 
which is driven by a 100-horsepower induction motor; a 
twenty-horsepower motor drives the rock crusher, and a 
five-horsepower motor is used for operating a telpherage 
system for carrying sulphurets to the chlorination works. 
All the hoisting is done with compressed air, as is also the 
lifting of all the water, which is taken from the 600-foot level. 
In addition to this work, seven 3%-inch drills are supplied 
with air from the same compressor. The total power bill 
for January, 1902, was $1,457.50, including the cost of the 
wood used for re-heating purposes, which makes the power 
cost per ton of ore milled to be twenty-one cents, including 
all power charges. 

Through the kindness of Mr. J. B. Tregloan, of the 
South Spring Hill Mine, near Amador City, I am permitted 
to present some data on results obtained at his plant, and 
which were published in “The Mining and Scientific Press,” 
for April 20th, 1902. This publication gives the results ac- 
tually obtained at this mine, as follows: 

The South Spring Mine is using a 10x18-inch duplex, 
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single-stage, belt-driven compressor, the area of the outlet 
ports being nine inches square on each end of each cylinder, 
the port area being reduced to six and one-quarter square 
inches, where it enters the main pipe, which is a disadvant- 
age, but which in this particular compressor, is unavoidable. 
The water jacket covers only three-fourths of the surface of 
the cylinder, one-quarter being taken up by air ports, which 
is another defect in construction. The working pressure 
varies from seventy-five to eighty-five pounds, blowing off at 
eighty-five pounds. The compressor runs fifty-nine revolu- 
tions per minute, the valves being of the ordinary poppet 
type. 

In driving this machine, a 30-horsepower General Electric 
“Form K” compressor type induction motor is used; speed, 
g00 revolutions per minute; voltage, 550; the current being 
transformed from 10,000 volts in a separate building, about 
250 feet from the compressor house, and measured on the 
low tension side by an integrating Schallenberger wattmeter, 
746 watts being considered the equivalent of a mechanical 
horsepower. The current is transmitted from the Standard 
Electric Company’s plant, near Jackson, Amador County, 
California, a distance of eight miles. The price per horse- 
power by meter measurement is $6.50 per month, which is 
the maximum rate, and which is reduced somewhat according 
to the amount of horsepower contracted for above a certain 
amount. The compressor pumps directly to a small receiver, 
in this case too small by 500 cubic feet, the total storage 





A RELIC OF THE PAST—-A WATER WHEEL ROPE DRIVE 


being only about 100 cubic feet, allowing altogether too sud- 
den fluctuations in air pressure, and not enough to carry all 
the air compressed during the small periods of idleness of 
power drills and hoisting engine, without blowing off air. 

This brings up the important point in compressor prac- 
tice, that blowing off air is a large item of expense, is waste- 
ful and is an apparent negligence of proper installation, but 
for some unaccountable reason it is generally considered un- 
avoidable in a compressor plant. Provide plenty of storage 
capacity, and install the right size of compressor, and com- 
pressed air will be an economical and not an expensive com- 
modity, as is the opinion of most of its users. 

In the case of the South Spring Hill Mine, the blow-off 
of the receiver is so arranged that it empties into the steam 
boiler, where it is re-heated and used in the hoisting engine, 
passing in just above the water line through the front end 
of the boiler, as shown in the illustration herewith. When 
the power drills are not operating, the lever is raised and 
all the air passes to the boiler for hoisting purposes. Atten- 
tion is called to the accompanying sketch already referred 
to and showing the general arrangement of the plant. Where 
it is possible to do so, elbows are avoided and long sweeps, 


made by bending the pipe, are used; these bends being made 
very carefully to avoid any crushing of the side of the pipe. 


Where pressure in the receiver rises above seventy-five 
pounds per square inch, it overcomes the weight and escapes 
through the three-inch check valve, whence it passes out 
through the side opening of two and one-half inch tee 
(through which passes the stem shown in dotted lines), and 
thence to the steam boiler. A check valve shown in the 
illustration prevents the steam from backing out of the 
boiler when the air is below steam pressure; this arrange- 
ment makes the blow-off on the steam boiler to be the blow- 
off of the compressor. Air is used cold in the power drills, 
but in the engine it is re-heated to about the temperature of 
steam at forty pounds pressure. 


The average consumption of fuel used in combination 
with electricity in this plant for sixty days was— 





Twenty horsepower per day at a cost of..... $ 270.00 
Wood burned in meantime, 374 cords at $6... 225.00 
SOUME CORE OE BOWES. Chk Sores ccc eee eeeds $ 495.00 


Under former conditions it required— 
Two cords of pine wood per day, 120 cords 


WE ie occ chic Pbas ole deacee Gees $ 720.00 
Water power for compressor (very favorable 
conditions), two months ............... 350.00 
Total by wood and water............... $1070.00 
Tons of rock broken by power drills, and hoisted 
RM nek We ade ub teelececwus 2667 
Tons of water hoisted 600 feet.........7........ 3600 


Under the present conditions, stould the power drills 
and hoisting engine be idle, all at once, for more than one 
minute, the air blows off because of the lack of storage, 
which, as soon as rectified, should make a difference of at 
least ten cords of wood. Electricity at $6.50 per horsepower 
month is at the rate of about twenty-one cents per horse- 
power for twenty-four hours. Consuming, as this plant does, 
about twenty horsepower per day, means $4.50 per day to 
produce enough air at eighty pounds pressure to operate two 
power drills (3'%4-inch cylinders), and leave a surplus for 
the hoisting engine sufficient to save the use of over one 
and one-quarter cords of wood per day. Hal all the air 
pumped to eighty pounds been conserved by ample storage>, 
the use of less than one-half cord of wood would have been 
sufficient for all re-heating purposes, and supply steam at 
times when air pressure was low. 

The results obtained by the use of compressed air for 


hoisting purposes in the above instances, should convince 
the most skeptical mind that it is economy to use compressed 
air for hoisting with electric power at $6.50 per horsepower 
per month, against the prevailing prices of fuel. At the 
present time there are several large compressed air plants 
in course of erection in Amador County, all of which are to 
be electrically driven, and re-heated air is to be used for 
hoisting. 

With an installation of this kind properly proportioned 
as regards motor, compressor and receiver capacities, to my 
mind, it leaves little to be desired, from the point of economy, 
convenience and reliability. 

The old Keystone Mill consisted of forty 725-pound 
stamps, ninety-six drops, 7.5-inch fall, and sixteen concen- 
trators. 

The total power required was eighty-five horsepower, or 
2.12 horsepower per stamp. When this mill was operated by 
steam, using pine wood for fuel, seven cords per day were 
consumed; this, at $5.00 per cord, equals $35.00 per day, or 
$1,050.00 per month; add to this the wages of two firemen, 
equals $1,200.00 per month. The cost of electric power at 
$6.50 per horsepower per month equals 85x$6.50 equals $552.50, 
showing a saving of $647.50 per month. 

This mill has recently been increased to sixty stamps and 
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twenty-four concentrators. The new stamps are 1,000-pound, 
making 100 drops, §.5-inch fall. 

Measurements made on the Central Eureka Mill showed 
a consumption of forty-six horsepower for twenty 850-pound 
stamps, ninety drops, 6.5-inch fall, including eight concentra- 
tors. This is at an average of 2.3 horsepower per stamp. 
The mill was driven by a fifty-horsepower induction motor. 
Since this data was obtained the owners have increased the 
capacity of the mill to forty stamps, and have installed a 
100-horsepower motor to drive it. Preparations are now be- 
ing made to install an air compressor to be driven by the fifty- 
horsepower motor taken from their mill, and when this is 
done compressed air will’be used for drilling and hoisting. 
The total electrical installation will then be: 


Pa vWhe babs 0005 tay eet aieeneibe's 100 horsepower 
COMIBICREO® wb edeidecee ees ae 50 7 
Rock -compyer » oS See ee ae ee 12.5 
Bide: 5... i ee kro 7.5 ¢ 


170 horsepower 

The Oneida Mill is running sixty 1,100-pound stamps, 
ninety-four drops, 7.5-inch fall. The power required to run 
the mill, including thirty concentrators, is 175 horsepower, 
or 2.91 horsepower per stamp. The stamps are driven by 
a 150-horsepower induction motor, and the concentrators are 
driven by a thirty-horsepower motor. The motors, batter- 
ies and concentrators are shown in figures 3 and 4. 

This mine is “also using a 50-horsepower motor on its 
rock crusher, a 75-horsepower motor in its saw- 
mill and a 125-horsepower synchronous motor driving its air 
compressor. It is preparing to install a 125-horsepower motor 
in the mine for driving a pump, which will make a total in- 
stallation of 555 horsepower. The total power cost per ton 
of ore milled at this mine is about thirty cents. The cost 
of power for the mill when all stamps are run continuously 
is $1,137.50 per month. This mine is hoisting and pumping 
by steam, with oil for fuel. 

I might mention that a 100-horsepower motor has re- 
cently been installed in this mine for driving a pump, and 
is doing excellent work. I understand this pump is to be the 
subject of a paper to be presented at this meeting. My be- 
lief is that electrically-driven pumps will soon be a common 
thing on the Mother Lode, and from the point of efficiency 
and convenience, it certainly leads any of the methods now 
employed. 

It is well understood that the ordinary steam pump is 
a very extravagant piece of apparatus, owing to the fact 
that it takes steam full stroke, and makes no pretense of 
cutting off in order to use the steam expansively; this is 
especially true when compressed air is used instead of steam, 
for it must be distinctly understood that economical results 
cannot be obtained with compressed air, unless the benefits 
to be derived from expansion are taken advantage of. In 
order, then, to realize the best results from compressed air 
for pumping purposes, an engine-type pump should be used 
with an adjustable cut-off, thus enabling the valves to be 
set for the duty the pump is to perform. 

While compressed air affords a very convenient method 
of pumping, the difference in efficiency between that method 
and electrically-driven pumps, permits of no argument, elec- 
tricity having fully thirty per cent. the advantage. 


MOVING-PICTURE EXHIBITS AND THE DEPART- 
MENT OF ELECTRICITY, WATER AND 
GAS IN NEW YORK CITY. 


The Department of Electricity, Water and Gas, New 
York City, in conjunction with the Fire Department and the 
National Board of Fire Underwriters, has been conducting a 
crusade against the manipulators of moving-picture machines 
in New York City. About a year ago the electrical bureau of 
the Department of Electricity, Water and Gas began a care- 
ful inspection of these devices and discovered great indiffer- 
ence to rendering this apparatus even a reasonably safe fire 


hazard. New York City, in fact, is the pioneer in the move- 
ment toward making these machines safe. In most instances, 
when this crusade was begun, the celluloid films were placed 
upon an open reel at the top of the machine and allowed to 
fall into a flannel bag at the bottom of the machine, without 
any protective devices or shields surrounding this highly in- 
flammable material. Under the direction of the experts of the 
electrical bureau the machines are now being equipped with 
sheet metal cases encasing the reels both above and below 
the projecting apparatus. Where the celluloid film leaves the 
upper case, and again where it enters the lower case, it passes 
between brass rollers, which would smother any flame which 
might be started outside of the cases. This would effectually 
prevent the greater portion of the film taking fire and creat- 
ing an extensive conflagration. 

It has been demonstrated that the operator sometimes 
held the film in the beam of light from the are lamp, while 
making an adjustment at the arc, so long that the film took 
fire. In order to obviate this possibility the machines are now 
fitted with an automatic screen, so arranged that the beam of 
light cannot fall upon the film until the machine has come up 
to speed. In this way, if the operator stops the movement of 
the film, the filter is interposed between the arc light beam 
and the celluloid. 

The department has also prescribed certain regulations 
affecting the use of resistances, flexible connections and ar- 
rangement of auxiliaries. 

The Department of Electricity, Water and Gas, in order 
to make violations of its recommendations as few as possible, 
is now issuing permits good for thirty days. The number in- 
dicated on these certificates must correspond to the number 
of the name plate on each machine. This obviates, in a meas- 
ure, the possibility of the operator securing a number of cer- 
tificates upon one good machine by moving it from place to 
place, and operating a corresponding number of bad machines 
in different sections of the city. 


30,000 VISITORS EXPECTED AT LOS ANGELES DUR.- 
ING THE N. E. A. CONVENTION. 


Los Angeles expects over 30,000 visitors to the National 
Educational Association convention, which is to be held in 
that city July 8th to 13th of this year. Elaborate prepara- 
tions are being made for the entertainment of the excursion- 
ists, not only by Los Angeles, but by nearly every community 
in the State. The trains will be met at the State line by mem- 
bers of the Reception Committee, who will greet the visitors 
with California fruits and flowers. From the arrival of the 
first contingent of excursionists, California will keep open* 
house. The railroads have made exceedingly low rates. From 
Chicago and intermediate points the rate will be one fare 
plus $2.00 for the round trip. In the State the rate for Cali- 
fornia side trips will be one and one-third fares for the round 
trip from Los Angeles and San Francisco to interior points 
of the State. Stop-overs wilt be granted at any point en 
route. These tickets will be sold to the excursionists and any 
friends accompanying’*them. California has become the all- 
the-year-round playground of America. The beach and sum- 
mer resorts, with their unexcelled hotels, will offer an induce- 
ment to the excursionists to make this trip their summer out- 
ing, as the tickets are good for final return until September 
15th. Los Angeles is the center of-an electric railway system 
of nearly 700 miles of inter-urban and 175 miles in the city, 
which gives cheap and easy transportation to the resorts of 
Southern California. 

At the convention the principal addresses will be made 
by some of the most distinguished scholars of Europe and 
America. The University of California at Berkeley will hold 
a Summer School, at which it is expected a large number of 
the visitors will be in attendance on account of the oppor- 
tunity to combine the pleasure of a California outing, attend- 
ance at the National Educational Association convention and 
Summer School work. 
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VARIOUS METHODS OF REINFORCING.* 


The proper method of reinforcing a beam against vari- 
ous internal stresses is a very important one, and as yet has 
not been satisfactorily determined. When reinforced concrete 
first came into general use it was thought that horizontal 
reinforcement was sufficient, and the peculiar failures which 
often occurred were usually ascribed to pulling out the rods, 
an idea which led to the invention of the various forms of de- 
formed bars now on the market. It has been found, however, 
that even beams reinforced with deformed bars often fail 
along inclined cracks, and that something besides horizontal 
rods is necessary to prevent such failures. Stirrups have been 
used extensively with this end in view; although they assist 
in carrying the internal stresses to some extent, their use in 
the usual manner will not always prevent inclined tension 
failures. 

Messrs. Gilman and Kahn used stirrups in a number of 
their beams, and, although these beams were found to be 
somewhat stronger than those without stirrups, they still 
failed to develop the full compressive strength of the con- 
crete or the tensile strength of the steel. 

Another method used in their tests, and also in the suc- 
ceeding ones, was to bend the horizontal rods at an angle of 
forty-five degrees at equal intervals between the loading 
points and the support. The results of all these tests are 
given in Table M-3. The beams were all 5-inches by 3-inches 
in section with a span length of 48 inches, made of a 1:2% 
mortar, and reinforced with four %-inch round rods. The 
positions of the loads are given in the table. The rods were 
bent up at the quarter points between loads and supports. 








In beams 13 to 24, inclusive, the first rod was bent at the 
point of loading, the second rod was bent at one-quarter of 
the distance from this point to the support, and so on; thus 
no rod was horizontal all the way through. In beams I to 12, 
inclusive, the first rod was bent at the point where the sec- 


*“Tests on Reinforced Concrete Beams,” by Ernest An- 
thony Moritz. Bulletin No. 148, issued by the University of 
Wisconsin. 


ond one was bent in the previous beam, so that in each beam 
one rod was straight over its full length. In both cases all 
of the four rods were horizontal between loads. The four 
rods were tied in a bundle so as to make the section as nearly 
symmetrical as possible with respect to a longitudinal plane 
through the center of the beam. 


With the exception of three of the beams with loads at 
or near the center all these beams failed by inclined tension, 
this being the favorite method of failure of all beams rein- 
forced with only horizontal rods. The failures occurred on 
lines through the bent rods, the rods slipping sooner or 
later as the bent portions were not long enough to offer 
sufficient adhesion to carry the inclined stresses. Strictly 
vertical shear failures were obtained in several of the beams 
of this set which had the loads applied very close to the sup- 
port. The inclined tension failures are here called shear 
failures and the same term is also used in all the other tables, 
so that, except for the several beams in Table M-3 which 
failed by vertical shear, wherever a failure is called a shear 
failure, inclined tension is meant. 

Another method of bending the rods was tried with 
better results. This series consisted of four beams reinforced 
as shown in the diagram, Figure M-3, with two rods running 
straight through and two bent at the loading points. The 
inclined cracks as they usually occur in a concrete beam are 
approximately perpendicular to the direction of these rods; 
therefore, these rods should be very efficient in preventing 
this failure. This was actually found to be the case. Series 
G, the results of which are given in Table M-3, was designed 
for the special purpose of determining this in a preliminary 


way, and all the large beams made later were pro- 
vided with this system of reinforcement. 


Three of the beams of Series G failed in tension 
at the center, while similar beams with the same 
loading and provided with only straight rods 
or rods bent at an angle of forty-five degrees 
failed by inclined tension. In the last beam, G-4, 
the loads were too near the supports to give a 
moment failure. A photograph of these beams showing the 
manner of failure is given in Plate M-II. 





PLATE M—II. 
Beams of Series G after testing. 


In the tests of the 8-inch by 11-inch beams this method 
of reinforcement gave equally as good results. All the beams 
of the 1:2:5 concrete, except No. 13, failed by tension within 
the middle third of the beam. In every case the usual in- 
clined cracks near the ends appeared, but were prevented 
from developing by the bent rods. Two per cent. reinforce- 
ment was stressed to its elastic limit in these beams. In the 
case of No. 13 failure near the end occurred after the cracks 
near the center had opened up considerably and the steel had 
apparently been stressed to its elastic limit. In fact, this 
beam carried a greater ultimate load than its duplicate, No. 
it, which failed by tension near the center. It is desirable 
to emphasize the fact that this failure was not caused by a 
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pulling out of either the inclined or straight rods. The final 
failure occurred by a prying up of the upper half of the beam 
at the end, which seems to indicate that stirrups would be 
very efficient at this point in connection with the inclined 
rods. 

Three of the 1:3:6.5 beams failed by inclined tension. 
These failures were perhaps due to slipping of the inclined 
rods. By comparing these three beams, Nos, 10, 12 and 106, 


with the others of this set it is seen that similar beams failed 
by compression at the center with practically the same or 
smaller loads, and that, therefore, these three beams had 
probably reached their full compressive strength when failure 
near the end occurred. 

Anchored Rods.—It has been claimed that beams with 
straight rods anchored at the ends are stronger than without 





PLATE M-IV 
Beams with anchored rods after testing 


the anchorage, and that the horizontal cracks often observed 
in the plane of the reinforcement are due to pulling out of the 
rods. With a view to investigating this, four beams were 
made with horizontal rods anchored at the ends. The an- 
chorage consisted of a rectangular bar of steel with holes 
bored through to allow it to be slipped ovér the ends of the 
réinforcing rods. The rods were then bent back over this bar 
so that they had a firm bearing. The loads were applied at 
12, 16, 20 and 24 inches from the supports. Plate M-IV is a 
photograph of the broken beams. From the picture it is 
seen that all four beams failed in the manner typical of beams 
with only horizontal reinforcement. 


Plate M-V shows the condition of the ends of two of 





PLATE M—V 
View of anchorage after test 


perfectly solid, the rods did not slip at the ends; therefore 
this crack cannot be due to pulling out of the rods. A com- 
parison of the strengths of these beams with those of Series 
B is given in Table M-2. Since the two sets of beams were 


exactly alike except for the anchorage, the results are directly 
comparable. 

It would be rash to draw final conclusions from these 
few tests, but they seem to show, first, that the horizontal 
the beams, from which it is seen that as the anchorage was 
crack in the plane of the reinforcement is not due to pulling 
out of the rods, but that it is due to the pulling of the con. 
crete upwards away from the rods, and therefore cannot be 
prevented by anchoring the rods at the ends; and, second, 
that anchoring the rods does not make the beams stronger 
with the proportions here used. 











Table M—2z. 
Comparison of Strength of Anchored and Unanchored 
Rod Beams. 
Max. Loap. 
5 No. of beam. : 
Anchored. Not anchored. 
Beas eae ERPs Lea Rae es 3300 3500 
Mt od ch ih a ee eeer ke GE wh ooh 3600 | 3700 
Rg UC Gs sang RRM oe ee, “gq, St 3600 4300 
dive e creer teste eens steeee eee cees 3600 4900 
Table M—3. 


Strength of Beams With Varying Points of Loading. 

5-in.x3 in. x 48-in. span; net depth, 4% in. 1.44 per cent. 
steel, 60,000 Ibs. elastic limit; 1:2%4 mortar. 

Note—Beams marked “A” had rods bent up at an angle 
of 45 degrees at quarter points between loads and supports. 


SS aes — el tne snr ‘ 
| 
| 








| Distance of 
No. of beam. | Max, moment. | Max. shear Kind of loads 
Inch-pounds. a failure. anaes 
. Inches. 
Pays ain. 39,400 110 Moment.....: Center 
WR. oon wake 47,100 140 DNCAE vies <5 22 
ied, 56 es 43,400 145 Moment...... 20 
TAGs oases 39,600 145 pee 18 
PB i. Sates 39,200 165 OMGRE. os: 6 es xe 16 
A Oiichaaes 36,700 175 pear. 3.3585 14 
Pa Foe hn Se 41,600 230 Shear 7 12 
A Bis ae as 48,000 320 Beet oi. 10 
ck Oe PRES RRAN § 32,800 270 Re So oS 8 
PIB iawn 0S 24,600 270 ORY Coo ae kee 6 
PIE och ys 26,600 440 MORE. O05... « 4 
WAS. ole 53 11,100 370 SS 2 
Paes iiceces | 39,600 110 PRON. ocr Center 
Pte cise, 34,800 95 Moment...... Center 
| pap aiepetees 34,000 115 eS: 20 
PAGER cans 36,000 120 PONE iss ee ve 20 
AS. Nic tt 35,200 145 BOOOE Gt. css. 16 
i) Boge. 30,800 130 DOE ised ss 16 
PURI oo cxsso 30,300 170 MOM SoA bs 12 
Pek act en 27,300 150 TRO os ca pu cs 12 
BUEN tis io bs oes 24,000 200 DMRAT «fics seRS 8 
PMR. ss ns 24,300 200 OE PR eee 8 
eae | 22,000 370 peers ke... 4 
RS on ae 19,600 330 ee ins es 
TE h a aa,~ s: 4.0 | 34,800 | 100 Moment...... Center 
eR a ilna ss | 36,000 120 Moment.:.... 20 
nf ED 36,800 155 Moment...... 16 
MA eet. coo --96e RMN kn cn 12 








*50,000 lbs. elastic limit steel. 
ELECTRICAL UNDERTAKINGS IN JAPAN. 


The Japanese Empire is a good field for manufacturers of 
electrical devices. According to the list of Japanese enter- 
prises formally organized and projected since July, 1905, fur- 
nished by Consul-General H. B. Miller, of Yokohama, the new 
capital of companies building electric railways amounts to 
$55,825,000, and the investment in other electrical enterprises 
is $49,711,500, of which $27,375,000 is employed in developing 
Japanese water-powers. Only $14,825,000 has gone into steam 
railways. In all $248,896,500 fresh capital has been contrib- 


uted to Japan’s industrial expansion since the Treaty of 
Portsmouth. 
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SOME IMPORTANT DATA REGARDING THE ELEC- 
TRIC FURNACE. 


In connection with some very valuable experiments re- 
cently performed in the investigation ur tne compounds 
formed by the borides and the silicides through the use of 
high temperatures, some data concerning the electric furnace 
have been obtained which will be of general interest. 

These tests were made by Mr. Oliver Patterson Watts, 
Ph. D., as subject matter for a thesis presented to the Uni- 
versity of Washington for the degree of Doctor of Philosophy, 
and have been published by the university in bulletin form. 

The electrical equipment used as the source and control 
of the current is described as follows: 

The dynamo which supplied current for most of the ex- 
periments was a direct-current 110-volt machine, rated at 825 
amperes. Alternating current with variable voltage was also 
available up to twenty kilowatts, and was occasionally used. 

The direct current most frequently used was controlled 
by an iron water pipe rheostat of ten equal sections in series, 
having a total resistance of 0.5 ohm. With all but one section 
of the rheostat short-circuited, 600 amperes was delivered 
at a pressure of 80 volts at the furnace terminals. Of the 
total energy transformed by the generator, the per cent deliv- 
ered to the furnace was as follows: 

Average for an entire experiment........ 68 per cent 

During maximum load (600 amperes by 

DO COINS Soc bes csth rs ea KET 73 per cent 

Highest per cent for ten consecutive min- 

utes in any experiment................. 80 per cent 
Highest per cent ever attained, for -two 

minutes, by running the furnace directly 

PO eer ree Ty 94 per cent 

The furnace was started with the entire rheostat in the 
circuit, which explains the low average. In experimental 
work, the convenience of this method of control more than 
compensates for the waste of energy. This waste of energy 
might be considerably diminished by having some sections of 
the rheostat of one-half and one-third the resistance of the 
others, with a generator voltage of eighty or ninety, instead of 
one hundred and ten. 

It is stated by Mrs. Ayrton “without some external re- 
sistance, it is impossible to maintain a silent arc between solid 
carbons.” From the behavior of the are when the resistance 
of the rheostat was reduced to only 0.05 ohm, the writer be- 
lieved that even this resistance might be dispensed with, and 
yet the arc would run steadily. This was verified by an ex- 
periment. The furnace was heated, as usual, with the line 
voltage at 110. The voltage regulator was then cut out, the 
voltage lowered to 70, and the last section of the rheostat 
short-circuited. The only resistance external to the arc was 
that of the cables and armature—between 0.012 and 0.018 ohm. 
The arc ran satisfactorily, although not so steadily as with one 
section ofthe rheostat in the circuit. The voltage of the gen- 
erator was then raised to 80 with the result that the widest 
variations of current for an arc one and seven-eighths inches 
in length was from 310 to 450 amperes. It is probable that 
most of this variation was due to the defective form of the 
anode, developed during the preliminary heating. The aver- 
age resistance of the arc was twelve times that of the remain- 
der of the circuit, and consequently the per cent of energy 
delivered to the furnace was 92+. 

In this experiment, it was observed that when the arc be- 
came silent after it had been “shrieking,” the voltage across 
the terminals diminished and the current increased. This is 
contrary to Mrs. Ayrton’s observation upon the open arc. 

These differences between the action of the arc lamp and 
the arc furnace would undoubtedly yield interesting results if 
thoroughly investigated. 

Electric Furnaces. 


For the production of metallic borides and silicides by 
the direct reduction of oxygen compounds, the horizontal arc 


furnace was decided upon as most easily managed and best 
suited to the purpose. 

Several different materials of construction were tried and 
rejected. Finally magnesite brick was decided upon as being 
by far the most resistant material available for the furnace. 
Other materials tried were limestone, ordinary fire brick, 
chromite, and silica brick. The only limestone obtainable was 
very easily broken, and as a furnace material. cra@ked badly, 
even when protected from the arc by a graphite lining. It is 
quite possible that a harder, stronger limestone, and particu- 
larly a dolomite, might prove a satisfactory material for fur- 
nace construction. Ordinary fire brick cannot be used for the 
inner zone of an arc furnace because of its fusibility. Silica 
and chromite brick, while less fusible than fire brick, are still 
far from satisfactory. The former fuses and disintegrates by 
the heat of the arc, and the latter cracks badly before its fus- 
ing point is reached. Both are distinctly more fusible than 
magnesite brick, and are more readily attacked by slags. 

In point of infusibility, magnesite bricks are very satisfac- 
tory, being melted to a depth of less than one-fourth inch by 
ten minutes exposure to an arc of 600 amperes at 80 volts only 
an inch below the brick. They do, however, crack under the 
influence of heat, and must be handled very carefully. These 
brick were obtained from the Harbieson-Walker Refractories 
Company. 

In form, the furnaces consisted of a box built of mag- 
nesite brick without cement, surrounded by a second layer of 
fire brick. The dimensions of the horizontal arc furnace were: 
outside—z2o0 inches square, 26 inches high; and inside—8% 
inches long, 7 inches wide, 7 inches deep—429 cubic inches. 
The outside dimensions included the ventilated base of fire 
brick. Although the table on which the furnaces stood had a 
thick cement top, it was found necessary to have air circula- 
tion between the body of the furnace and the table top. 

The cover consisted of two magnesite bricks, and the 
electrodes entered through holes drilled in the bricks which 
formed the ends. Later, the ends were simply built up around 
the electrodes, and the cracks stuffed with asbestos paper. 
This type of furnace, with two modifications, was used in 
about 130 experiments. 


Much trouble was experienced from the contamination of 
the products by iron. Even after all materials that entered 
into the composition of the charges were rendered iron free, 
the iron was still found, and its source was finally discovered 
to be the magnesite brick. A fused metal resting upon these 
in the presence of a strongly reducing slag, will be contam- 
inated by iron. To remedy this, a bed of powdered magnesia, 
free from iron, was spread an inch deep in the bottom of the 
cavity. This prevented any contamination from the bottom of 
the furnace, but there was still occasional contamination from 
the side walls. For a part of the work, the entire inside, ex- 
cept for the bottom and the upper half of each end, was lined 
with inch-thick sheet graphite. Although this introduced 
carbon, it effectually prevented contamination by iron, and 
greatly prolonged the life of the magnesite brick. With the 
graphite lining, the inside dimensions were eight and three- 
quarters inches by five inches by six inches—262 cubic inches. 

It would have been an advantage if the bottom of the 
furnace had been laid in cement, or strapped with iron to pre- 
vent the bricks from separating with the alternate expansion 
and contraction. 


For the short duration of the heating, fifteen to twenty 
minutes, with a powerful current for less than half this time, 
the heat insulation was found to be ample. The outside 
layers of brick could be removed by the bare hands, if done 
as soon as the current was shut off, although an hour later 
they might become red-hot. The nearer air-tight the furnace 
is, without actually being so, the better. 

The electrodes used were of Acheson graphite. The max- 
imum current permissible on account of oxidation of the elec- 
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trodes outside of the furnace has been determined in the 
course of this work to be as given in the following table for 
twenty minutes heating: 


Table IV. 
Diameter. Amperes. 
I inch. 400+. 
1% inch. 650+. 
1¥% inch. goo. 
2. inch. 1600. 


The capacity of the first two sizes is from direct measure- 
ment; that of the last two is calculated from the areas of their 
sections, since the maximum current used, 700 amperes, never 
heated them to redness. If the heating is prolonged to ari 
hour or more the current allowable is about 15 per cent less 
than in Table IV. 

Although 600 amperes has been used for a short time with 
one inch electrodes, these become red their entire length, and 
undergo oxidation. It was found that this oxidation could be 
prevented by painting them with a paste of water glass and 
carborundum dust. si 

Moissan (“Le Four Electrique”) has given the size of car- 
bon electrodes suitable for furnaces of different horsepower. 
As he ordinarily used fifty or sixty volts, the latter value has 
been used in calculating the following table, except in one case 
where he specified seventy-five volts. The results as calcu- 
lated from Moissan are given in Table V. 


Table V. 
Diameter. Amperes. 
m.m. Inches. 
16-18 11/16 120 
27 I 450 
40 iy 1,250 (100 H. P.) 
50 2 3,700 (300 H. P.) 


In this table the current densities per unit area increase 
greatly with increase of diameter, although from the fact that 
the radiating surface increases less rapidly than the cross sec- 
tion, the reverse would be expected. Either the capacity of 
the smaller electrodes is greatly underrated, or that of the 
larger ones much overrated. The only carbon electrode tried 
by the writer was of one inch diameier, and this became red- 
hot outside the furnace at 150 amperes, although Moissan 
stated that he was able to use 450 amperes. It would be of 
interest to the worker with the electric furnace to know 
whether the relative conductivities of carbon and of graphite 
for heat are in the same ratio as their electrical conductivities, 
as is the case for the metals. If this is so, there will be no 
advantage of either over the other in regard to the amount of 
heat wasted by conduction from the furnace. 

On account of their being such good conductors of heat, 
the graphite electrodes used should be the smallest that will 
carry the desired current. They should be slightly pointed 
before use, and set exactly in line in the furnace. The source 
of any irregularity in the operation of the arc is usually found 
in the anode, which corrodes irregularly, while the cathode 
keeps in good order without attention. One advantage of 
alternating over direct current for the arc furnace is that both 
electrodes tend to keep in good form. 

In this series of experiments many observations were 
made upon the length of arc, its variation in resistance, elec- 
trode consumption, etc. Some of these observations are in- 
cluded here as of interest, and perhaps of value to other ex- 
perimenters. 

The longest arcs obtained were 15.5 and 14.4 centimeters 
(6 1/2 and 5 11/16 inches) at 104 volts, the former at 800 
amperes. At the usual voltage of 80 on the furnace terminals, 
the length of arc for 600 amperes varied from 6 to 7.5 centi- 
meters (2% to 3 inches) as a rule. 

Resistance of the are depends upon: 

a. Length. 

b. Current strength. (See Table VI.) 
Increase of current increases the cross section of 
the arc. ‘ 


c. Temperature of the furnace. 
During the rise in temperature at the beginning of 
» an experiment the arc must be gradually lengthened 
if the current is to be maintained constant. When 
a cold charge is fed into a hot furnace the current 
is diminished. 


Table VI.—Effect of varying currents upon the resistance of 

















the arc. \ 
No. of Experi-| | 
aoe Amperes. Volts. | Resistance. R :R 
98 600 75 118 1 

360 75 .202 1.71 

210 79 369 3.12 

190 82 425 3.60 

150 81 533 4.51 

140 83 586 4.96 

120 79 651 5.51 

120 81 .668 5.66 

100 81 803 6.80 

70 80 1.136 9.62 

55 85 1.538 13.03 

40 92 2.293 19.43 

111 580 78 127 1 

400 72 173 1.36 

330. 77 .226 1.78 

280 77 266 2.09 

200 81 398 3.14 

160 81 499 3.93 

200 76 373 2.94 

180 66 359 2.83 

150 77 568 3.18 

120 75 618 4.87 

130 75 569 4.48 

120 70 576 4.53 

120 70 576 4.53 

110 71 638 5.02 

75 83 1.099 8.66 

70 80 1.136 8.95 

80 89 1.105 10.97 


d. Quantity and nature of vapors within the furnace. 
An increase in the amount of vapors of sodium and 
of silicon lowers the resistance. Possibly there are 
vapors which are capable of increasing the resist- 
ance. 


The data of Table VI were taken at the close of experi- 
ments when the furnace was very hot. Maintaining the length 
of are unchanged, the current was cut down by increasing the 
external resistance. The pairs of bracketed readings were 
made about ten seconds apart with the same resistance in the 
circuit. An entire set of readings occupied about three min- 
utes, so that the temperature within the furnace was prac- 
tically constant. The column R1r:R, shows the increase in 
resistance of the arc as the current is diminished and the ex- 
ternal resistance is increased. 


From the above and other similar data the writer draws 
the conclusion that the arc tends to maintain a constant ratio 
between its own resistance and that of the remainder of the 
circuit, or an arc of fixed length tends to maintain a constant 
voltage. ! 


In experiment 111, the external resistance was varied 
about 900 per cent, the maximum variation in voltage of the 
arc was 14.1 per cent, and the average, only 1.8 per cent. The 
rise in voltage seen in the last readings, occurred but a few 
seconds before the arc died out. One readily pictures the 
shrinking of the arc to a mere pencil of carbon vapor as the 
current is diminished. 


The above records were made after the vigor of the 
chemical reaction was over, for at the height of the reaction 
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the fluctuations of the instruments were usually too rapid to 
be read. 


Table VIII.—General Data Concerning the Arc Furnace. 





B Length of 7 

3 wey Resistance. 

2) 2 lela 
-jilv isl s 
© | wm 
£\3)e\el* |. “ gi] ¢ 
ai/—&)| & |els Ziel! & sid os = 
eis | 2 |i” |e 8 g $i1sis 
HialaelpliMé |ri< as 0; A, | A 
129| 14] 28.0 | 36 | 1008 | 104} 800}61/8 | 15.5 | .123 | .020 | .0079 
61] 114| 30.5| 12] 366{ 80/600/33/4 | 95 | 126 | 034 | .0132 
121] 144] 28.6| 30} 859) 81} 550} 313/16] 9.6 | 141 | .037 | .0147 
123| 134] 28.6| 61 | 1521] 78} 570] 3 77 | 130 | 1043 | 0169 
88] 114| 24.2|28| 696] 78|560/23/4 | 7.0 | 133 | .048 | .0190 
150|2 |21.8/45| 980] 68/650/2 5.05} .098 | 049 | .0194 
86] 134] 33.3115] 500] 75|600|21/4 | 57 | 118 | {055 | 0207 
89| 124| 18.1138} 687} 70|400|27/8 | 73 | ‘168 | 088 | 0230 
99| 114] 287114] 402| 76| 600] 2 5.05} 120 } .060 | .0238 
09] 134] 26.0] 25] 670] 80|550|21/8 | 5.4 | 138 | .065 | .0255 
04] 134] 31.1] 8| 249] 79|550/13/4 | 44] 118 | .068 | 0268 
94] 114| 24.7|10] 247] 82]500/23/16 | 5.6 | .157 | .072 | .0280 
100] 114] 26.1] 14] 414] 78/600{111/16| 4.3 | .123 | 073 | .0286 
107] 1%4| 29.9| 23| 482} 80|300|27/8 | 7.3} 259{ .090 | .0350 
*127| 134] 28.1 | 45 | 1264 | 103} 150] 5 11/16] 14.4 | .679 | .119 | .0470 


*The current was cut down from 400 amperes to 150 by 
drawing out the arc instead of increasing the external resist- 
ance as usual. This is responsible for the abnormal resist- 
ance found. 

The effect of an increase of current in lowering the re- 
sistance of the arc has already been pointed out; the other 
factor appears to be the temperature, estimating this from 
both the average and the total energy delivered to the fur- 
nace. 

As has been already stated, the source of trouble when 


the arc is unsteady is to be found at the anode, and seems to 
the writer to be due to insufficient heat to maintain there a 
layer of carbon vapor. 

There is a depositi » upon as well as a vaporization of 
each electrode. The p..nts of each are coated with smooth, 
lustrous graphite of .xtremely fine grain. There are two 
separate arcs. Each half of the current wave has its own ex- 
clusive territory on the electrodes. Each arc dies out with 
reversal of current; yet sufficient carbon vapor remains in its 
crater so that when this electrode is once more anode, the 
path of least resistance is from the crater rather than from 
any other part of the electrode. This phenomenon occurred 
only with a low voltage and large electrodes, and would seem 
to be possible only when the crater of the anode during each 
phase is small in comparison with the area of the end of the 
electrode. 

Observations were made upon the loss in weight of 
graphite electrodes during several experiments. The results 
are given in Table IX. 

Direct current was used in all except the first two experi- 
ments. These are marked A. C. and to them the terms anode 
and cathode do not apply. In these the electrode losing the 
more in weight extended into the furnace much farther than 
the other. 

Electrode losses seem to be due to three causes: 

1. Volatilization from the crater, confined to the anode. 

2. Oxidation. 

3. Disintegration—particles fall from the electrodes. 

(1) is independent of, (2) and (3) dependent upon, the 
length of electrode within the furnace. The total loss is 
diminished about 50 per cent by filling the furnace with 
illuminating gas; this can diminish only (2) and (3). The 
losses with 2-inch electrodes were double those with 1% inch 
diameter. This points again to the use of the smallest possible 
electrodes. It should be stated, however, that only a single 
pair of 2-inch electrodes were tested. 


Table IX.—Loss in weight of electrodes. 
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DENATURED ALCOHOL: ITS PRODUCTION 
USES.* 


AND 


Arthur H. Bosworth. 


The law which permits the use of denatured alcohol has 
not long been in force. On May 24, 1906, the United States 
Senate passed the Denatured Alcohol Bill by unanimous vote. 
The bill had previously passed the House, after some opposi- 
tion by the wood alcohol interests, and a few days later the 
signature of the President made it a law. Thus successfully 
ended the agitation for tax-free alcohol for use in the arts and 
industries, which began in 1888 and had continued intermit- 
tently for eighteen years. The passage of the law resulted 
from the effort of a manufacturer’s committee organized to 
promote this legislation. ‘ 


The law is a very important one for two reasons: it inter- 
feres with the domination of the oil trust over the supply of 
liquid fuel for heat, light and power; and it secures to the 
manufacturer the use of a valuable industrial agent. It pro- 
vides that after the first day of this year alcohol produced 
under governmental supervision may be taken free of tax 
from bonded distilleries and warehouses for industrial pur- 
poses after being “denatured,” by the addition of some sub- 
stance which prevents the use of alcohol as a beverage. 


The Wilson Bill, passed in 1804, provided for tax-free 
alcohol in certain industries, but the law was so defective that 
under its provisions it was impossible to provide tax-free 
alcohol and yet safeguard the revenue that the Government 
derives from taxes on alcohol used as a beverage. David A. 
Gates, for thirteen years an officer in the Internal Revenue 
Department and one of the experts who assisted in drawing 
up the Denatured Alcohol Bill, says that of the $750,000,000 
in taxes, including postal revenues, raised by the Government 
annually, nearly 20 per cent ($150,000,000) comes from dis- 
tilled spirits. Thus, although the need for tax-free industrial 
alcohol was great, it was impossible to jeopardize such a large 
part of our national income by providing such alcohol under 
the Wilson Law. 


As the extent to which denatured alcohol will be used 
depends largely upon its cheapness, let us consider what it 
will cost to produce a gallon of denatured alcohol. This de- 
pends on the substances from which the alcohol is made and 
also on the substances used to denature it. Alcohol for use in 
the arts must be produced under Government supervision, 
but as the expense of this supervision is borne by the Govern- 
ment, it does not enter into the cost of production of the alco- 
hol. Perhaps this cost can be understood more clearly if a 
few facts regarding the manufacture of alcohol are given. 

Alcohol, C2Hs5OH, is composed of the elements, Carbon, 
Hydrogen and Oxygen combined in invariable proportions. 
As yet chemists have discovered no way of producing alcohol 
directly from its elements, although they have succeeded in 
making it from calcium carbide’ or barium carbide by indirect 
synthesis. 

The commercial sources of alcohol, however, are fruits, 
starches, grains, and sugar producing vegetables. 


“The raw material necessary for a gallon of alcohol 188 
proof is 4.5 bushels of fruit, 0.36 of a bushel of grain, or 2 
gallons of molasses. In the distillation of fruit and molasses 
there are no by-products: the first cost of alcohol produced 
from fruit or molasses therefore is the cost of the raw mate- 
rial, the labor, and the interest on the investment. The by- 
products at a grain distillery (stock feed and fusel oil) will 
pay the cost of operating, the labor and the interest on the 
investment. The cost of alcohol produced from grain is 
therefore represented in the price of the grain.” (D. A. Gates 
in the January “World Today”). 


In Germany one of the greatest sources of alcohol is 


*From the Yale Scientific Monthly. 


potatoes, and it has been found that one ton of potatoes yields 
25 gallons pure alcohol. 


If the source of alcohol is a starchy substance the mate- 
rial is ground up, steamed, and then mixed with malt and 
water at a temperature of 150 degrees Fahrenheit. Fermenta- 
tion is. then accomplished by brewers or compressed yeast, 
or by adding a saccharine liquid. The fermentation is carried 
as far as possible, so as to obtain the greatest amount of alco- 
hol from the mixture. The liquid thus obtained is distilled. 
The product of the first distillation is: impure,. containing 
water and oils that have passed over from the still to the re- 
ceiver along with the alcohol, and redistillation is necessary; 
unless one uses the method of combined distillation and recti- 
fication devised in 1900 by Edward Adam. This more modern 
method is described in an interesting article by M. Bandry 
de Saunier in a recent Scientific American Supplement. 

It has been estimated that the average cost of a gallon of 
denatured alcohol to the consumer will be from 18 to 22 eents. 
In Germany, in the year 1902, 90 per cent alcohol sold for 11.5 
cents per gallon, in 1905 the price advanced to 19 cents, the 
rise being accounted for by the fact that an alcohol trust 
controlled the market. In Louisiana, and a few other States, 
where crude “black-strap” molasses, a by-product of sugar 
manufacture, sometimes sells as low as 3 cents a gallon, in 
Nebraska, where the price of corn occasionally falls to 30 
cents per bushel, or in localities where the soil is especially 
adapted to the growing of potatoes, the cost of production of 
alcohol may be no more than ro or 11 cents per gallon. A 
prominent beet sugar manufacturer estimates that alcohol 
can be made from the waste’of the beet sugar industry for 10 
or 12 cents per gallon. Mr. G. A. Burns, a dentist of Los 
Angeles, suggests in a letter to the Scientific American that 
cactus is a cheap source of alcohol. Knowing that the natives 
of New Mexico make an intoxicating liquor from cactus, Mr. 
Burns experimented and, in a crude way, distilled one gallon 
of alcohol from five pounds of cactus. Cacti plants, he says, 
can be cut down, ground up, and put through the process of 
fermentation and distillation like corn, wheat, or barley He 
adds that Nevada cactus grows from two to five feet high 
very quickly and two months after being cut down it would 
grow up from the stubble and be ready to again produce in- 
dustrial alcohol. Since in the West cactus grows abundantly 
and without irrigation or other attention, this may be one of 
the cheapest sources of industrial alcohol. The sources from 
which alcohol is made differ in different sections of the coun- 
try. Either cactus, grain, molasses, fruit, or potatoes might 
be used, but economy decides the matter. 

As was stated above, the cost of denatured alcohol will 
depend also on the cost of the denaturant. In some cases a 
substance essential to the manufacture of a certain article 
might be used to denature the alcohol, and as this substance 
would be needed in manufacturing the article anyway, its 
cost should not figure in the cost of the alcohol. However, in 
general, the cost of the denaturants must be a factor in the 
cost of production of denatured alcohol. The formula for 
denaturing the alcohol, given by the United States Internal 
Revenue Commissioner, is as follows: “To 100 parts ethyl 
alcohol add to parts approved methyl alcohol and one-half of 
one part approved benzine.” Formulae of special denaturants 
are to be submitted to the Commissioner of Internal Revenue, 
who announces what formulae may be used. 

The greatest need now is for an improved denaturing 
process. Methyl, or wood, alcohol is considerably more ex- 
pensive than alcohol itself; and pyridine, another substance 
extensively used in Europe for this purpose, is far from cheap 
and has a very disagreeable odor. It is hoped that Yankee 
ingenuity will invent a cheaper and more agreeable process 
that is equally efficient. The following table, taken from an 
article by Mr. H. Diedericks in the “Scientific American Sup- 
plement No. 1596,” shows what substances are used as de- 
naturants in Europe. As several of the countries seek to keep 
their formulae secret, the table is based on analyses: 
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Materials Used to Denature Alcohol. 


| | 
| Methy!l- 
ene Pyridine, 


Denatured | (Wood 


Sp. Gr. of Acetone | Benzol Benzine 


or Pyri- Per Per 
Country. Alcohol | seat dine Bases ts Cent. Cent. 
at 15 CS. | Durities. Per Cent. } 
France. 0.832 7.5 | 2.5 sears 0.5 
Germany. 
Denat. Alc..| 0.819 1.5 0.5 0.5 at 
Motor Alc..| 0.825 0.75 0.25 0.25 | 2.0 
Austria. 
Denat. Alc..| 0.835 3.75 0.5 1.25 Spntg 
Motor Alc..} 0.826 | 05 | trace | trace | 2.5 
Russia 0.836 | 10. 0.5 5. 
Italy. 
‘Motor Alec..| 0.835 6.5 0.65 2.0 1.0 
Switzerland. 0.837 5. 0.32 2.2 Ea erien 





I I 

It should be noticed that the formula used in this country 
differs from any given above, as it contains no pyridine, ace- 
tone or benzol, and calls for a higher per cent of methyl 
alcohol than does the formula of any other country ‘except 
ing Russia.* 

There is a great variance in the estimates of the quantity 
of industrial alcohol that will be used annually in this coun- 
try. The wood alcohol interests that opposed the bill in the 
House asserted that less than 10,000,000 gallons will be con- 
sumed, while a few enthusiastic supporters of the measure 
predict that in a short time the annual consumption will 
reach 200,000,000 gallons. All such estimates are largely a 
matter of speculation, but an idea of the amount may be ob- 
tained by considering more particularly the use of industrial 
alcohol. Its uses for power, heating and lighting purposes 
have been mentioned. Alcohol burns with a pale blue flame 
that is intensely hot. In alcohol lamps for illumination there 
is a mantle, similar in manufacture and appearance to the 
mantle in a Welsbach gas lamp, which is heated to incan- 
descence by an alcohol flame. Such lamps give a light equal 
to gas lamps in brilliancy, and as the products of combustion 
of pure alcohol are simply carbon dioxide and water, they are 
more sanitary than lamps which allow gas to escape into the 
room. In Europe there are many kinds of stoves for heating 
and cooking purposes that use denatured alcohol as fuel. 
Recently an alcohol flat-iron has been invented. 

About six months ago at the General Electric Company’s 
works in Lynn, a test was made of a Dentz alcohol engine 
(made in Germany) that was to be coupled to a dynamo and 
sent to Cuba, where cheap Cuban alcohol—costing about 12 
cents per gallon—will be used. Alcohol engines are internal 
combustion engines and are similar to gasoline engines, the 
main difference being that compression is carried to a point 
greater than is possible with gasoline and a different vapor- 
izer or carbureter is used. The results of the experiments 
with the Dentz engine proved these three things: The com- 
bustion is clearer with alcohol than with gasoline; alcohol is 
suitable for use in motors even when it contains 15 per cent 
water; and although a gallon of alcohol has fewer heat units 
than a gallon of gasoline, it develops about the same amount 
of power, because it can be compressed more without danger 
of premature explosion and less heat is lost in the exhaust 
gases and the heating of the water jacket. Most authorities 
agree that the efficiency of alcohol enginés is probably greater 
than that of engines using any other fuel for internal com- 
bustion. Thére may be some room for improvement also in 
this respect because of the newness. of alcohol engines. 

Thus we see that alcohol is entirely suitable for use in 
engines, whether or not it will be generally substituted for 





*For a ¢omprehensive digest of the portions of the De- 
natured Alcohol Law of interest to distillers and to proprie- 
tors of denaturing plants see “Scientific American Supple- 
ments,” Vol. 62, pages 25754, 25758-0, 25778-9. 


gasoline depending mainly on the relative prices of alcohol 
and gasoline. The supply of gasoline is controlled by a trust. 
Should trust prices be forced to a certain point which is not 
far above the price of gasoline today, alcohol could profitably 
compete ‘with gasoline. This. phase of potential competition 
should’ have a checking influence on the price of gasoline; 
thus whether or not alcohol displaces gasoline as engine fuel, 
the general public is benefited in one more way by the pas- 
sage of the Denatured Alcohol Bill. Gasoline sells at retail 
for 50 cents per gallon at Goldfield and Tonopah, Nevada, and 
the price in most of the States west of the Missouri River 
and north of Texas is between 19 and 25 cents per gallon. 
Sinee denatured alcohol can be produced in many of those 
States for 12 or 15 cents per gallon, because they are ex- 
tensive producers of corn, sugar or other vegetable products 
suitable for the cheap manufacture of alcohol, it is not un- 
reasonable to suppose that gasoline may in many localities be 
displaced by our new industrial agent. 

Even at a slight increase in cost, there are reasons why 
alcohol would be preferred to gasoline as an engine fuel. The 
exhaust gases of kerosene or gasoline are abjectionable be- 
cause of their odor. The exhaust from alcohol is neither 
smoky nor evil smelling. A rich mixture of gasoline and air 
gives a smoky, bad smelling exhaust, while the alcohol ex- 
haust is not disagreeable even when there is a considerable 
excess of vaporized alcohol for air. This property of alcohol 
is of some importance when there are good sized stationary 
engines running a number of hours consecutively and ex- 
hausting into a populous neighborhood. The use of alcohol 
as a fuel is safer because it is not inflammable and an alcohol 
fire can be extinguished by water. As gasoline floats on 
water and does not mix with it, water is not effective in put- 
ting out gasoline conflagrations. There are numerous re- 
strictions imposed by insurance companies on the storage and 
use of gasoline. The conditions imposed on the storage and 
handling of alcohol are less strict and the cost of insurance is 
lower. These considerations have caused alcohol to displace 
gasoline in some European localities where alcohol costs a 
cent or two more per gallon. 

In conclusion, let us glance at a list of a few commodities 
in the manufacture of which alcohol is used. The complete 
list would be a large one, comprising upwards of 100 articles. 
It was stated above that the making of coal tar and aniline 
dyes in this country will be stimulated by the use of denatured 
alcohol. The introduction of the tax-free industrial alcohol 
will bring a new industry here, the manufacture of artificial 
silk from cotton by a process now in use in France. The 
representatives of a French company so large that its plant 
uses 6000 gallons of alcohol daily in producing artificial silk 
stated before a committee of the House of Representatives, 
when that body was considering the Denatured Alcohol Bill, 
that if the bill became a law their company would establish a 
factory in this country. Their experience had shown them 
that America offered the greatest market for their silk. With 
cheap cotton, cheap alcohol, and a large demand for the silk, 
this new industry will probably become an important one. 

Denatured alcohol is also used in the manufacture of 
smokeless powder, hats, shellac, varnish, celluloid, furniture, 
paints, electrical apparatus, transparent soaps, picture mou!d- 
ings, and in the curing of tobacco. In the past the high tax 
on grain alcohol forced manufacturers to use wood alcohol to 
the extent of 7,500,000 gallons annually in making s»me of 
these articles. But as wood alcohol sufficiently pure for this 
purpose costs about 7o cents per gallon, there is no doubt but 
that denatured alcohol will entirely displace it. This results 
in a saving to manufacturers, and in some cases will lower the 
cost of the articles to consumers. This, however, is not the 
greatest advantage of this substitution of solvents. There 
have been a number of well authenticated cases of wood 
alcohol poisoning—even loss of eye-sight—due to the con- 
tinued inhalation and absorption of this poison by persons 
employed in factories where wood alcohol is used. Suffering, 
therefore, will also be prevented by the use of denatured 


alcohol in the arts and industries. : 
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EDITORIAL. 


In no field of physical science are the standards 
and methods of measurement so unsatisfactory as in 
the realm of lighting and illumina- 
tion. The unit of light, the candle 
power, is most misleading. This is 
largely due to the fact that under 
almost all conditions it is not only light that is wanted, 
but illumination. 

When any form of lighting has its magnitude ex- 
pressed in candle power, many important factors are 
left out. With the candle power a certain definite 
amount, the color of the light may increase the 
efficiency of the source of light as an illuminant enor- 
mously. The converse is equally true that with a con- 
stant candle power some other color of light may de- 
crease its utility to an equal degree. The color of 
light is of importance, yet there are other features 
which must be given even greater consideration. For 
a number of years it has been recognized that rarely 
is a certain amount of lighting required, but rather a 
satisfactory degree of illumination. The color of the 
walls and ceilings of a room will have as much to do 
with the proper lighting and its distribution as the 
character of the lights themselves, their location and 
the quality of light available. 

Any one who has worked in a photometer room 
is familiar with the effect of a single source of light 
in‘a space absolutely dark, there being no reflection of 


Illumination 


light from surrounding objects. When a lighted candle 
is taken into a dark tunnel, the walls of which are 
very dark or even black, the same effect is produced. 
When one is near the candle light it seems that the 
darkness is so intense that the light does not pene- 
trate it except very slightly. The same candle in a 
room with absolutely white walls, with curved ceilings 
and no corners or openings, will produce a degree of 
illumination which is a surprise to the one experienc- 
ing these two very elementary experiments. 

It is therefore obvious that the decorations and 
arrangements of ceilings or shape of the reflecting 
walls and the color of the furnishings of the room 
must all be given as careful treatment as the distribu- 
tion and number of lights. 

In the early days of the constant current open arc 
lamp, the amount of light from the 10 ampere arc 
was supposed to be 2000 candle power. The actual 
number of watts for each arc was approximately 450. 
This gives an efficiency of light expressed in candle 
power per watt far above that of any other form of 
light which may be produced by the electric current. 
It was soon found, however, that in reality the 10 
ampere arc does not give 2000 candle power with a 
consumption of 450 watts; that while the light emitted 
from the crater of the upper carbon is exceedingly 
intense, yet over the entire lower hemisphere the light 
from the direct current open arc is not uniform, and 
lucky indeed is the man who can find from such a 
direct current open arc 2000 candle power in any part 
of the field illuminated. The introduction of the 
enclosed arc lamp, both direct and alternating current 
was seemingly a step backward in the efficiency of 
the lamp as expressed in watts per candle power. As 
an illuminant, however, due largely to the fact that 
the source of light was enlarged from a mere point 
to a comparatively large surface, the enclosed arc 
lamp was found to be better for general illumination 
than the open direct current arc. 

A single filament incandescent lamp of the old 
style with the filament in the shape of a hair-pin is 
open to the same objections, but to a less extent, as 
the open arc lamp. A very decided improvement re- 
sulted in increasing the luminous surface of the fila- 
ment of the incandescent lamp by the use of a coil of 
one or more turn in place of the U-shaped filament. 
It must, however, be admitted that the incandescent 
lamp, notwithstanding its wide application for light- 
ing and illumination, is not as satisfactory as some 
other sources of light. 

The flat open gas jet with its flickering, due to 
currents of air, even when surrounded by globes, is 
of course very unsatisfactory. The amount of heat 
given off from such open jets is an additional source 
of annoyance and inconvenience. The forms and 
types of gas lamps which are in use today, however, 
are much superior to the incandescent lamp in color 
and in the magnitude of the illuminating surface which 
constitutes the source of light. An incandescent lamp 
will flicker unless the voltage supplied to the ter- 
minals of the lamp is absolutely uniform. The diffi- 
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culty involved in maintaining the voltage sufficiently 
constant when current for both light and power is 
required, is increased enormously as the size of the 
systems of transmission and distribution are increased. 

For certain uses, such as reading or microscopical 
work where the eye is necessarily concentrated on a 
small surface, the coal oil lamp with suitable shade 
cannot be excelled by either gas or electricity. 

A most interesting field, as yet commercially un- 
developed, lies in the illumination of rooms, stores and 
galleries with vacuum tubes in which electrical dis- 
charges at high voltages are taking place. The ab- 
sence of heat, the exceedingly satisfactory color of 
the light and the large surface constituting the source 
of light, all tend to make the illumination from such 
tubes exceedingly satisfactory. With a considerable 
number of tubes properly operated the variation in 
the magnitude of the light emitted is exceedingly 
small. 

While it is probably not the engineers’ field of 
operation, yet a proper consideration of the distribu- 
tion of light as well as the color of the walls and sur- 
roundings should always be given by those interested 
in the progress and development of lighting from any 
source, no matter whether arc lamps, incandescent 
lamps, luminous tubes or gas burners of any type may 
be in service. 


ORDER OF REJUVENATED SONS OF JOVE. 


A number of gentlemen interested in the various branches 
of the electrical trade met at an informal lunch on April 
6th, 1907, at Solari’s Cafe, San Francisco, for the purpose of 
organizing a chapter of the Order of the Sons of Jove. 

Mr. George A. Cole, No. 533, Jovian Statesman of Cali- 
fornia, presided at the meeting. 

After the organization had been perfected, the following 
officers were elected for the ensuing year: 

W. Martland, Jupiter; C. E. Wiggins, Mercury; R. S. 
Phelps, Vulcan; C. C. Hillis, Pluto; E. B. Strong, Neptune; 
A. E. Drendell, Mars; J. F. Hetty, Hercules; S. H. Taylor, 
Apollo. 

After arranging for a rejuvenation at the Cliff House on 
Tuesday evening, April 9th, the meeting adjourned. 

S. O. J. Rejuvenation. 

Twenty-eight jolly Jovians met in conclave on April oth, 
1907, on the banks of Neptune’s domain, the Cliff House, San 
Francisco, where ten candidates awaited their fate at the 
hands of Jupiter. We are proud to say there were none 
found with “short circuits,” so that the emergency “cut-outs” 
were not necessary. 

After a most sumptuous repast in which not the least 
enjoyable feature was the singing of the Jovian quartet, the 
banquet room was cleared for the ceremony. The follow- 
ing Tallow Dips were raised to Arc Lights that night: 

F. E. Corwin, E. E. Elliott, W. L. Goodwin, Karl Woer- 
necke, Chas. Brown, Frank Fowden, C. E. Winchell, W. R. 
Green, G. A. Young and Chas. M. Wood. 

It fell to the lot of Messrs. Woernecke, Winchell, Green 
and Wood to do the Jovian honors, and right royally they 
succeeded. Pluto, for the nonce, reigned supreme. But 
when the sound of the gavel from Jupiter’s realm, at eleven 
o’clock, rang the curtain down, and Pluto was relegated to 
his fiery furnace, there to remain until such times as other 
worthy Tallow Dips shall apply for admission into the Order, 
and his services needed again, the ceremonies were closed. 

If the sentiments of good-fellowship expressed by the 
many that were present that evening is any criterion, the 


“Journal” predicts that the Order of the Sons of Jove will 
soon become one of the strongest organizations on the 
Pacific Coast. And we take the liberty of advising all good 
and true electrical advocates to join the Order at their 
earliest opportunity. 

The permanent headquarters of the Sons of Jove have 
not as yet been decided upon, but they expect soon to have 
their own club rooms. . 

The charter members are as follows: A. E. Rowe, A. 
St. J. Bowie, F. H. Poss, J. A. Vandegrift, A. E. Skillicorn, 
H. C. Baker, C. E. Wiggins, A. M. Funcke, A. E. Drendell, 
C. McColgan, S. H. Taylor, E. B. Strong, H. C. Thaxter, J. F. 
Hetty, H. A. Sayles, W. R. Dunbar, J. R. Cole, J. H. McClel- 
lan, C. C. Hillis, W. I. Otis, T. E. Bibbins, R. W. Martland, 
R. S. Phelps, G. A. Cole, H. B. Carter and E. N. Fobes. 


N. E. C. ASSOCIATION ANNUAL CONVENTION. 

The seventh annual convention of the National Electrical 
Contractors’ Association of the United States will be held in 
New York City, July 17th, 18th and roth, inclusive. 

Even at this early date all indications point to this con- 
vention being the most largely attended and probably the 
most interesting and entertaining in the history of the asso- 
ciation. 


BOOK REVIEWS. 

Engineering Series of the University of Wisconsin, Bul- 
letin No. 145, “An Investigation of the Borides and the 
Silicides,” by Oliver Patterson Watts, Ph. D. 

This paper presents the results of an experimental in- 
vestigation of some of the compounds of the borides and the 
silicides which have become of scientific and commercial im- 
portance since the advent of the electirc furnace. 

Bulletin No. 148 of the same series is the published results 
of a series of tests on “Reinforced Concrete,” by Ernest 
Anthony Moritz, C. E. 

In addition to the general observations on the action of 
reinforced concrete beams under stress, separate discussion 
is given to such particular phases of the subject as: The early 
appearance of minute. cracks on the tension side of the beams; 
position of the neutral axis; efficiency of the different methods 
of reinforcing in preventing inclined tension failures; tests on 
sixteen 8x1I-inch by 13-foot beams. 


TRADE CATALOGUES. 

The Allis-Chalmers Company has adopted the plan of 
issuing miniature bulletins (in addition to their regular publi- 
cations) which are designed as envelope enclosures. This 
prohibits giving much detail of description regarding the 
various subjects; nevertheless, the reading of them will be 
sufficient to stimulate interest in the subject. 

The H. W. Johns Manville Company is sending out a 
small folder descriptive of a new electric heater which it 
manufactures. It is convenient and inexpensive and further- 
more has the approval of the National Board of Fire Under- 
writers. : 


AN AMERICAN DECORATION. 

At the meeting of the Executive Committee of the Ameri- 
can Institute of Social Service held this week at the Players’ 
Club as the guests of Mr. Richard Watson Gilder, announce- 
ment was made that the Scientific American, through a de- 
sire to co-operate with the work of the institute in promoting 
an American Museum of Safety Devices, would give annually 
a gold medal to be awarded by fhe institute for the best 
device for safeguarding life and limb. 

An advisory committee of the editors of the great tech- 
nical papers was organized to co-operate with the institute 
in the work of protecting life and limb. 

The Exposition of Safety Devices which was held by the 
institute in’ New York last month has been forwarded from 
the exposition at Chicago, where it was loaned for one week, 
to Boston for their exposition during the second week in 
April. ' 
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A NEW COUPLE TYPE STORAGE BATTERY. 

In operating fire alarm and police signal telegraphs, 
private branch telephone exchanges and railroad signal sys- 
tems only small amounts of current are required, but these 
are used on a closed circuit and absolute reliability of opera- 
tion overrides all other considerations. Closed circuit work 
prescribes a low rate of discharge and freedom from polariza- 
tion. As there is no primary cell of reasonable cost which is 
not seriously choked by polarization after standing on closed 
circuit for a few hours, this fact alome would cause storage 
batteries to be greatly preferred for such work. Furthermore, 
the experience of many years has demonstrated that the stor- 
age of secondary battery is superior to gravity and other 
forms -of primary cells in sequiring hardly more than one- 
third of the space for equal amperage, in freedom from the 
formation and creeping of salts in the jars, in requiring far 
less cleaning and attendance, in materially reducing the cost 
of maintenance and renewals of parts and in having a lower 
internal resistance as well as far more uniform voltage. 

For the particular work of fire alarm telegraphs and simi- 
lar installations, the most advantageous form of storage cell 
has been found in the “couple” type, which has no more than 
one pair of plates in each cell, as but small ampere capacity 
is needed while a low rate of discharge, accessibility of parts, 
and especially absolute certainty of action are essential. 

Hitherto separators of insulating material have been 





GOULD ““‘TANDEM’’ COUPLE 
TYPE CELLS 


placed between adjacent plates in all couple types of storage 
batteries, excepting those in which the plates are covered with 
hard rubber or celluloid envelopes, which practically act as 
separators. Though they are kept as thin as may be consist- 
ent with their office of preventing short. circuits between 
plates, and though they are plentifully perforated, these sep- 
arators necessarily obstruct free circulation of the electrolyte, 
which is of the utmost importance to the. maintenance of 
voltage. This objection is inseparable from the types of cells 
in which plates are placed face to face in order to concentrate 
great capacity in a small space. In many types of these cells 
electrolytic action takes place at varying rates, in different 
parts of the same grid, producing local distortion, which 
causes the active material to drop out as sediment and neces- 
sarily shortens the life of the plate. 

Necessarily, the action between the positive and negative 
sides which face each other is far more intense than between 
the sides turned away from each other, so that charge and 
discharge take place mainly on the facing sides, producing a 


tendency to buckle and wear unevenly. All these defects are 
completely eliminated by placing the plates edge to edge 
instead of face to face, as shown in the new Gould “tandem” 
couple type here illustrated. 


As all parts of both sides of both plates are exposed to 
exactly the same conditions of acid-supply and exposure to 
the electrolyte, charge and discharge proceed at the same 
rate in every part of the grid, which, owing to its peculiar 
“spun” construction out of hard rolled integral lead and its 
proportions of reserve lead base to active material, will retain 
its original capacity and shape intact for many years, no part 
giving way until the whole plate all over gives out by com- 
plete consumption. 


The positive plate of each cell is permanently joined to 
the negative plate of.its neighbor by broad, thick, substan- 
tial curved lead bonds, “burned” to the plates, so that no 
bolts are used except at the,end of each row of cells. This 
permanent connection saves considerable time and trouble in 
assembling the battery, enables ‘the plates to be quickly lifted 
out for inspection as well as for cleaning of the ‘cell’ and 
avoids corrosion of bolted connections by, sulphurie acid 
fumes, besides having practically negligable ohmic resistance. 
This construction presents many advantages, such as low 
internal resistance, perfect permanent connections, con- 
venience and simplicity in handling, low first cost, accessibili- 
ty for inspection, and, above all, absolute reliability of opera- 
tion for use on fire alarm and police telegraphs. 

It may be of interest that the fire department of one of the 
largest cities in this country has recently installed several 
batteries of these tandem couples and reports unusually ‘satis- 
factory results. The Gould Storage Battery Company has on 
the press a very instructive booklet on “Couple Types of 
Storage Batteries,’ copies of which will be furnished to any- 
one interested. 

To supply current for fire alarm and police signal tele- 
graphs, railroad signal and similar systems, modern practice 
usually provides duplicate storage batteries for each separate 
circuit, so that one battery may be charged while the other 
supplies current for the circuit. This arrangement possesses 
the further advantage of keeping one battery in readiness at 
all times in case of accident to the companion battery, with 
sufficient capacity to allow a delay of sixty hours for repairs 
without serious inconvenience. 


TWO .BIG ALLIS-CHALMERS DIRECT CURRENT 
GENERATORS FOR THE BOSTON 
ELEVATED RAILWAY. 


The Stone & Webster Engineering Corporation of Bos- 
ton, prominent consulting and operating engineers, acting for 
the Boston Elevated Railway, recently placed contracts for 
two large Allis-Chalmers direct current 1tailway generators, 
which rival in size and capdcity any machines of a similar 
type in the country. 

These machines, which are to be installed in the new ex- 
tension to the Boston Elevated Railway Company’s Lincoln 
Wharf station, on Atlantic Avenue, are to have a capacity of 
2700 Kilowatts, 600 volts, and operate at a speed of 75 revolu- 
tions per minute. In this station is generated the larger por- 
tion of the current used for operating the elevated railway 
division and the cars through the East Boston tunnel. 

The generators, which will be driven by vertical cross 
compound engines, will have armatures of such diameter that 
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they will have to be built up on the ground. Each machine 
will have 32 poles; will have no band wires on the armature, 
and will. be equipped with the Allis-Chalmers patented brush 
oscillating device, by means of which the brushes travel back 
and forth on the commutator in a direction parallel with the 
engine shaft, thus keeping the commutator in perfect condi- 
tion and avoiding the usual wearing grooves. 





FUEL OIL BURNERS. 


The shortage of coal on,the Pacific Coast during the past 
few months has given an added impetus to the use of crude 
oil for the generation of steam, although this kind of fuel had 
already replaced coal in the majority of plants in California. 

The successful use of crude oil depends very largely on 
the type of burner installed. The “Little Giant” and “Incan- 
descent” burners, manufactured by the George E, Witt Com- 
pany, 530 Mission Street, San Francisco, have proven admir- 
ably efficient and reliable, and are entensively used by rail- 
road and power companies and manufacturers. The “Little 
Giant” burner permits a ready adjustment for wide variations 
in load, produces a mild flame and is capable of close and 
delicate regulation. This type of burner is used to a large 
extent on the ferryboats of the Southern Pacific and North 
Shore railroads as well as on the locomotives and in the 
stationary plants of these and other Western roads. 

The “Incandescent” burner includes two types. One of 
these is especially suitable for low oil pressures. The 
atomizer is of steel and interchangeable, and is fitted with a 





ground joint which facilitates the separation of the steam and 
oil. The mixing partly takes place between the lips of the 
outer casing, thus preventing carbonization. 

The other type of “Incandescent”. burner is suitable for 
small vertical and horizontal boilers, for threshing machines, 
and where an oil pump is not used. It is a gravity burner 
and will operate on one pound of oil pressure. 

A locomotive burner is also made by the George E. Witt 
Company which has the following features: The atomizer 
is interchangeable and can be adjusted to throw the flame in 
any direction. The atomizer is provided with three passages 
for the influx of the oil which cause it to spread evenly over 
the steam jet. The steam produces a partial vacuum on the 
oil, which is a great advantage where no oil pressure is em- 
ployed. 

This company has also devised a system of burning crude 
oil under low pressure for hot water heating systems, and 
also a noiseless retort furnace, which, it is claimed, will enable 
the boiler to hold steam for 48 hours after the furnace is 
thoroughly heated. Such a furnace obviously eliminates the 
use of a small auxiliary steam boiler for starting up the 
plant. 





FORMAL OPENING OF THE NEW POWER PLANT 
AT CAZADERO. 

The completion and throwing open to operation of the 

Portland Railway, Light and Power Company’s new generat- 

ing plant at Cazadero on February 26th was an event of not 
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only absorbing local importance, but one of far-reaching in- 
terest to the State at large. That it was recognized as a 
notable event and one of wide interest is shown by the pres- 
ence at the opening ceremonies of prominent State and City 
officials and of many distinguished private citizens. 


When Mayor Lane, of Portland, in the presence of the 
president and officers of the Portland Railway, Light and 
Power Company, the engineers whose patient labors brought 
about the successful completion of the new plant, and the 
assemblage of distinguished guests, turned the switch which 
set in motion the great wheels in the power-house at Caza- 
dero, that moment marked an eventful advance for the City 
of Portland. It meant that Portland’s supply of electric 
power was more than doubled. It meant the completion of 
more than three years’ labor and the expenditure of more than 
$1,000,000. It meant that the Portland Railway, Light and 
Power Company, following the broad-gauge policy advocated 
by its president and owners, and with unshaken faith in the 
ultimate supremacy of Portland as the commercial center of 
the Pacific Northwest, had backed its belief by the expend- 
iture of this great sum to provide the company’s customers 
with a service as nearly perfect as possible, and to make ade- 
quate provision for its rapidly increasing business, and the 
fast and continuous development of this city as a residential, 
mercantile, manufacturing and commercial center. 


This power station, which is the largest electrical plant in 
the State of Oregon, is situated thirty-eight miles from the 
City of Portland, on the Clackamas river, and has a present 
output of 15,000 horsepower, which will be increased shortly 
to 25,000 horsepower, with the addition of two more generat- 
ing units as originally pianned. : 

About a mile above the power-house is the dam proper, 
which is 176 feet wide and 130 feet long at the base, and whose 
total length at the top is 400 feet. Here the water is taken 
from the Clackamas river through a bulkhead 17:'feet by 25 
feet and into a flume 2,622 feet long. This flume, which fol- 
lows the contour of the hillside, discharges into a:canal 2,898 
feet long, 35 feet wide at the bottom, 20 feet deep and 75 feet 
wide at the top, which in turn empties into the main reservoir 
or lake. 


The reservoir, which covers 50 acres when filled to an 
average depth of 20 feet, has a capacity of 326,480,000 gallons. 
When filled to this level the reservoir will supply power suff- 
cient to run the wheels of the power plant below for six 
hours after the gates at the dam have been closed. 

The forebay gates are located at the lower end of the 
reservoir and set in massive concrete walls built on the top 
edge of the river bluff. This wall, of steel and concrete con- 
struction, is 8 feet thick at the top and 20 feet thick at the 
bottom, built on foundations of sandstone bedrock. The 
water is led from the forebay gates to the power-house 138 
feet below in tubes 8 feet in diameter, inclined at an angle of 
45 degrees and lying along the hillside. 

The power-house is of concrete construction 180 feet long 
by 54 feet wide, and in it is installed the necessary apparatus 
to double the supply of electrical energy to the City of Port- 
land. The equipment is composed of three double 42-inch 
hydraulic turbine wheels of the Frances ype, to which are 
directly connected three Allis-Chalmers generators. 

The three alternators are of the standard two-bearing 
water-wheel type with horizontal shaft. They have a normal 
rated output of 2500 kilowatts each, at a terminal pressure of 
11,000 volts, three-phase. The revolving field has 12 poles and 
the speed is 330 revolutions per minute, thus giving a fre- 
quency of thirty-three cycles per second. Each alternator is 
equipped with a direct connected exciter, the armature of 
which is mounted on the end of the alternator shaft; the 
exciter field yoke is carried on an extension of the bed of the 
alternator. Bearings are of the ring oiling self-aligning type, 
water jacketed. 

The stator yoke is of unusually stiff construction, being 
provided with heavy end heads, which serve to. clamp the 
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laminations and at the same time reinforce the main part of 
the yoke. The laminations are of specially selected steel 
carefully varnished and assembled. The core is provided with 
numerous ventilating ducts, through which a strong blast of 
air is forced by the revolving field; the ventilation in these 
machines is exceptionally good, because of the high peripheral 
speed of the rotating part. The starting coils are very care- 
fully insulated to withstand the high pressure for which these 
machines are wound, and they are placed in open slots; coils 
can thus be easily replaced in case of damage. The coils are 
securely held in the slots by means of wedges, and the end 
portions projecting beyond the core are so fastened that they 
cannot become displaced by abnormally large currents. 

Because of the high peripheral speed, it is necessary to 
make the rotating part exceptionally strong. The spider is 
of cast steel, supporting a rim made up of steel laminations 
dovetailed to the spider arms and securely clamped between 
heavy cast steel end heads. The field poles are built up of 
steel laminations in the usual manner and are dovetailed to 
the laminated rim, being held in place by tapered keys. The 
field winding is of copper strip bent on edge and is designed 
for 120 volt exitation. Current is supplied to the field through 
cast copper collector rings and carbon brushes, the latter 
being held in brush holders supported from a suitable stand. 

Tests on these machines showed that they were capable 
of carrying full load continuously with a rise in temperature 
less than 35 degrees centigrade, thus giving them a liberal 
margin for overloads. 

With the completion of the water-power plant at Caza- 
dero of 15,000 horsepower capacity, and with the plant at 
Oregon City, developing 12,000 horsepower and the steam 
plant in North Portland, 11,000 horsepower, the company now 
has available nearly 40,000 horsepower of electrical energy. 

Inasmuch as the entire light and power load in Portland 
and vicinity, at the present time, is not more than 25,000 
horsepower, there is about 15,000 horsepower of machinery 
in the Company’s generating plants, to be held as reserve, in 
cases of emergency. ’ 

Almost the entire output of these generating plants is 
conducted by means of special tie lines to two principal sub- 
stations, one at Seventh and Alder Streets, on the West Side, 
and one at Knott Street and Williams Avenue, on the East 
Side. From these two sub-stations as distributing points, this 
power is carried by innumerable small feeders to various parts 
of the city and suburbs, for serving its customers with light 
and power, and operating the many street railway lines. 

In addition to the above mentioned principal sub-stations, 
power is also distributed from sub-stations at Eagle Creek, 
Boring, Gresham, Lents Junction, Se!lwood, East First and 
Harrison Streets and at St. Johns. 

In order to prevent interruption upon its system, and 
therefore to insure continuity of service to its customers, it is 
necessary not only to have reserve machinery, in the generat- 
ing stations, but also to have a duplication of transmission 
lines from these stations to the sub-stations, and between 
sub-stations, so that in case of the breaking of any one line, 
a reserve can be immediately placed in commission, and 
therefore the interruption to service, if any, would be but 
momentary. 

With this idea in view the company has about completed 
the installation of such a duplicate system. From the plant 
at Cazadero, two separate and distinct transmission lines, by 
different routes, have been constructed, terminating at the 
sub-station at Williams Avenue and Knott Street. Similarly, 
from the plant at Oregon City, there are three separate lines 
to Portland, one on the East Side to the East Side station, and 
two on the West Side, to the West Side station. 

This duplicate system of conducting lines has been in- 
stalled also between the steam plant in North Portland and 
the sub-station at Seventh and Alder Streets, and between the 
East Side and West Side sub-stations. By such a duplicate 
system of connecting lines and with 15,000 horsepower of 
reserve machinery in the power-houses, the possibility of in- 


terruption to service upon the system is extremely small, for 
in case of serious trouble in any one station, or in case of in- 
terruption of any connecting line, there is always sufficient 
available reserve capacity, and always duplicate routes, by 
which the various distributing points may be served. 


A second power plant, duplicating the Cazadero plant, is 
planned by the company and will be erected on the Upper 
Clackamas river, two and one-half miles above the new plant 
just opened at Cazadero. Work has been commenced clear- 
ing the ground and surveying for the new plant. The oper- 
ations will be continued steadily and the company plans to 
have the new dam and station completed in about four years, 
at the end of which time the Cazadero plant will probably be 
used to capacity. 

The station to be erected above Cazadero will develop 
25,000 horsepower. These two plants on the Upper Clacka- 
mas will generate 50,000 horsepower, which, probably, with 
the resources already at the command of the company, will 
take care of every requirement of Portland for light and 
power for the next ten years. 


A splendid water power is available in the Clackamas 
river two and one-half miles above Cazadero. Conditions 
are somewhat different than those prevailing at the power 
station just completed, and the dam to be built to develop the 
power’at the upper station will be higher than the one on 
the river at Cazadero. A fall of 125 feet will be obtained, thus 
giving tremendous facilities for the generation of power. It 
is estimated that the new plant will cost about $750,000. 


A COMMITTEE TO PREPARE STANDARD SPECIFI- 
CATIONS FOR INCANDESCENT LAMPS. 


The Association of United States Government Electrical 
Engineers and a number of representatives of the leading in- 
candescent lamp manufacturers of the United States held an 
unofficial meeting on February 25th, 26th and 27th at Wash- 
ington, D. C. A set of standard specifications covering incan- 
descent lamps used by the United States Government was 
discussed, the specifications as prepared being practically 
adopted, with the exception of a few minor points. These will 
be given further consideration by a committee, the make-up 
of which is about as follows: Dr. E. P. Hyde, Bureau of 
Standards; B. F. Fisher, electrical_engineer, quartermaster’s 
office; J. E. Woodwell, electrical engineer, Treasury Depart- 
ment; W. Y. Avery, Bureau of Equipment, Navy Depart- 
ment; P. L. Dougherty, electrical engineer, Treasury Depart- 
ment; W. C. Allen, electrical engineer, District of Columbia; 
S. E. Doane, National Electric Lamp Association; Jonathan 
Camp, Franklin Electric Manufacturing Company; F. W. 
Willcox, General Electric Company; Walter Cary, Sawyer- 
Man Electric Company; Edward Campbell, Germania Electric 
Lamp Company; R. W. Morgan, Anchor Lamp Company, and 
Preston S. Millar, Electrical Testing Laboratories, New York 
City. 


ELECTRICAL DEVELOPMENT IN SOUTH AMERICA. 


What is recognized as a signal victory in the develop- 
ment of South America is the fact that the government of 
Brazil has just granted permission to Messrs. Guinle & Com- 
pany of Rio de Janeiro to sell electricity in the capitol city as 
well as other important cities in the republic. The contracts 
for light and power in Nictheroy and other cities along the 
proposed transmission lines have already been let. 

The initial electric power sources will include several 
hydro-electric stations just being completed on various water- 
falls controlled by Guinle & Company. These have an aggre- 
gate capacity of some 50,000 horsepower. The electrical 
equipment was furnished by the General Electric Company 
of New York. It is expected that work on the transmission 
lines will be started next June. 
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NEWS NOTES 


FINANCIAL. 


San Francisco, Cal.—The annual meeting of the Geary 
Street, Park and Ocean R. R. will take place at 1 p. m., April 
Jo, at 1592 Geary Street. 


Hanford, Cal—The Niagara Oil Co. has declared an 
assessment of twelve cents per share, delinquent April 20, 
sale day May 10. : 


Richmond, Cal.—There will be a meeting of the stock- 
holders of the Great Western Power Co. April 2, in the Bank 
of Richmond, here. 


San Francisco, Cal.—An assessment of $2.50 per share, 
delinquent April 25, sale day May 15, has been declared by 
the Keystone Oil Co. 


San Francisco, Cal_—On April 10 will be held the annual 
meeting of the stockholders of the South San Francisco Rail- 
road and Power Co., at the Northeast corner of Oak and 
Broderick Streets. 


Los Angeles, Cal.—Governor Gillett has signed the bill, 
introduced .by Assemblyman Phil A. Stanton of this place, 
which is an enabling act to permit Los Angeles to issue 
bonds for the construction of the Owens River municipal 
system. The bill provides that bonds may be issued ser- 
ially so that they may be sold in amounts of $5,000,000 each. 
Another bill provides that the Board of Public Works in car- 
rying out the constriction work may either let contracts for 
certain portions of it or go ahead and do the work. 


Los Angeles, Cal—Senator Geo. S. Nixon, of Nevada, H. 
G. Hayes, of Goldfield, and Geo. Wingfield, of Goldfield, con- 
stitute the purchasers of the People’s Gas Company. They 
have placed orders in Pittsburg and other steel centers for 
immense shipments of steel mains, and are planning to in- 
crease the capacity of the plant as rapidly as the material 
can be obtained. Attorney W. M. Goodwin is the local rep- 
resentative of the purchasers of the Lowe Gas Co. 


Newport, Cal.—Horace Slater has been in New York 
raising subscriptions for the installation of a gas plant, esti- 
mated to cost $22,000. Of this amount $11,000 is to be 
raised by subscription and the remainder will be taken by 
Mr. Slater, R. J. Dunn and C. A. Watson, of Redlands. The 
company is to be incorporated with a capital stock of $75,- 
000, $25,000 of which is to be paid up. 


San Francisco, Cal—The San Francisco Coke and Gas 
Co. will hereafter be known as tthe Metropolitan Light and 
Power Co. With the change of-name the concern has in- 
creased its bonded indebtedness from $2,500,000 to $7,500,000. 
At a meeting of the stockholders, held last week, the direc- 
tors of the company were authorized to make the increase. 
President Leopold Michels has said that the increase was 
for the purpose of allowing an extension of the company’s 
mains, adding to the gas plant, and installing a plant to 
manufacture and furnish electricity throughout San Fran- 
cisco. 


Redding, Cal.—An action has been brought by nineteen 
of the farmers living along Old Cow Creek to prevent the 
Northern Light and Power Co. from using the water of the 
creek for power purposes. The defendants claim riparian 
ownership of the stream. They desire to use 2,700 inches of 
water, which, it is alleged, are more than the stream affords 
in the dry season. It is also alleged that the defendants desire 
to divert the course of the stream, causing it to leave its pres- 
ent channel, which would result in the alfalfa and grain lands 
bordering the creek becoming unproductive. It is therefore 
prayed by the plaintiffs that an injunction rest against the 
Northern Light and Power Co. 





TRANSPORTATION. 

San Diego, Cal——The franchise for a railroad on B 
Street, asked for by E. Bartlett Webster, was recommended 
favorably by the Street Committee of the City Council at a 
meeting of that body a week ago. 


Redlands, Cal.—The San Bernardino Traction Company 
expects to extend its line now branching off the Highland 
line and leading up to the Base Line road, up into the 
grounds of the Southern California State Hospital at 
Patton, 


Las Vegas, N. M.—It is said that the proposition to 
extend the electric railway system here to the town of Mora 
has been taken up again and is likely to be put through. The 
project was believed to have been killed by the failure of the 
towns to unite when it was first exploited. 


Los Angeles, Cal.—Bids have been advertised for by the 
Board of Supervisors for a franchise for an electric railroad 
upon certain highways in the county. Beginning at the in- 
tersection of Indiana and Stephenson Avenues adjoining the 
east boundary of the city, the road is to run along Indiana 
Avenue to the intersection of Fifth Avenue. 


Sonora, Cal—The County Supervisors received last 
week bids for the franchise for an electric railway from the 
Stanislaus County line across the mountains, via Sonora 
Pass into Mono County, with numerous branches throughout 
this country, the same to be built over the public roads. 
A. H. Kleinecke, who applied for the franchise, opened ne- 
gotiations by putting in his bid for $100. Chas. H. Seger- 
strom raised the bid to $150. Kleinecke bid $375, and was 
awarded the franchise. 


Kennett, Cal—As soon as the rains cease grading will 
begin for the extension of the Hoit & Gregg electric road 
from the upper terminus at the lime kiln to the Golinsky 
Mine. The present road is about two miles long, and is 
used to convey limestone ore from the quarry to this place, 
where is is consumed in the smelter and also shipped to dif- 
ferent points on the CSast. The road is now transporting 
about 300 tons daily, but contracts recently closed will call 
for an increase to 500 tons. 


Berkeley, Cal.—At a special meeting of the Town Trus- 
tees last week the Key Route was granted the privilege of 
laying double tracks inside the town limits on Claremont 
Avenue. The property owners of the district asked that the 
Trustees grant a franchise for a single track only, maintaining 
that a double track would ruin the street for business pur- 
poses. In overruling the property owners the City Fathers 
obtained a concession from the company in the shape of 
a promise to establish a station on the avenue within the city 
limits. The new line extends on Claremont Avenue from 
Fifty-fourth Street, Oakland, to the Claremont Hotel. 


WATERWORKS. 


Tucson, Ariz —Bonds have been voted for improvements 
to the water system and fire department. The sum of $25,000 
is to be devoted to the water department, providing Congress 
gives permission. 

Goldfield, Nev.—S. S. Johnson has just returned from 
a trip to Skiddoo, where he reports very promising pros- 


pects. He states that twenty-four miles of pipe are being 
put in to bring water from the Telescope Mountains to the 


town. 


Madera, Cal—F. W. Krogh, of the Madera Water Com- 
pany, states that the plant will soon be improved, An elec- 
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tric pump with double the capacity of the present pumps is 
to be installed. The mains will be taken up and larger pipes 
laid. The system will be extended and made more com- 
plete. 


Phoenix, Ariz—A bill authorizing the purchase of the 
plant of the Phoenix Water Company by the city has been 
passed, and the question will be put to the voters at the next 
municipal election. Bonds have already been voted for the 
construction of a new system, but it is believed that the 
citizens will prefer to acquire the old plant. 


Los Angeles, Cal.—The Ross Oscillating Pump Company, 
incorporated with a capital of $1,000,000, will soon begin op- 
erations. The factory is to manufacture a pump so con- 
structed that the amount of liquid to be moved is governed 
by the speed at which the pump is run. It can be operated 
with any kind of power. Andrew J. Ross is president and 
general manager. 


Long Beach, Cal.—Improvements in the water system, to 
cost approximately $25,000, are to be made by the directors 


for the Long Beach Water Company within the next few . 


months. Additional machinery will be installed and that 
now in place will be remodeled. The greater part of the 
improvements will be at the wells and the pumping plant. 
A reservoir on the northwest side of Signal Hill will be 
built with 10,000,000 capacity. Extensive improvements in 
the piping system will.also be made. 


Santa Cruz, Cal.—The new Casino and Cottage City Fire 
System will be connected to the city’ waterworks by a six- 
inch main. For reserve supply a four-inch pipe from the 
Hinn System is to be ready for immediate connection. 
Attachment is made with the pumping system which is to 
supply the baths. These pumps are to be located in the new 
power house, in a specially-constructed fireproof room. From 
there will extend a sixteen-inch main to the bay. 


Berkeley, Cal—An independent water system is to be in- 
stalled for the new Claremont Heights tract and the Garber 
property, Claremont Hotel on the east and the grounds of 
the State institution for the Deaf and Blind on the south 
and west. R. R. Paterson, of the Paterson-Smith Company, 
which is handling the tract, and R. Hughes, consulting engin- 
eer of the People’s Water Company, inspected the tract and 
the surrounding property for the purpose of selecting a site 
for a reservoir. It has not been determined where the water 
will be secured, whether by tunnels or pipe lines. 


Oakland, Cal.—William M. Hatfield has sworn to a com- 
plaint in the Superior Court to obtain $5,000 damages from 
the People’s Water Company, successor to the Contra Costa 
Water Company, and will ask the court to declare the fran- 
chise of the corporation forfeited to the municipal corpora- 
tion of Oakland. It is held that the action is based on the 
same law and similar condition of affairs that obtained in 
San Francisco when the franchise of the Spring Valley 
Water Company was declared to be forfeited. In other 
words, it is charged that the People’s Water Company is 
collecting rates from the people of Oakland without the 
warrant of law, the contention of Hatfield being that the 
rates now charged in Oakland are not authorized by ordi- 
nance. 


Sacramento, Cal—As soon as possible steps will be 
taken to provide a filtration plant for the city water supply 
that will be capable of delivering 20,000 gallons of pure 
water every twenty-four hours. To obtain such a plant the 
City Trustees have authorized City Surveyor Randle to ad- 
vertise for plans giving the first cost of such a plant by any 
known method, the cost of operation and maintenance, and 
the method to be followed: Several propositions looking to 
the installation of such a plant are in the hands of the 
Trustees, and as soon as all the plans are in, after the adver- 
tising, they will all be considered and the cheapest one 


adopted, One plan proposed is a series of settling tanks and 
the use of coagulants, another is a filtration through sand 
and charcoal, while a third is the settling of the water by 
running an electric current through it. 





ILLUMINATION. 


Long Beach, Cal.—A large flow of natural gas has been 
epened up at the asbestos factory, west of town, and it is 
thought there will be enough to heat and light the factory.: 


Pasadena, Cal.—Action in the matter of preventing the 
city from installing a municipal electric lighting plant has 
been postponed until April 8. The Edison Electric Company 
has brought about the litigation. 


San Rafael, Cal.—The San Rafael Gas and Electric Com- 
pany is figuring on running gas mains to San Anselmo, Ross 
Valley, Kentfield, Larkspur, Corte Madera, Sausalito and 
Mill Valley. To start the ball rolling the company has let 
the contract for the erection of a 1,000,000-foot gas holder, to 
be erected in this city. 


Los Angeles, Cal—An ordinance has been adopted by 
the City Council declaring intention to order the necessary 
appliances to be installed for lighting with electricity Ninth 
Street, between Main and Mill Streets. Ornamental cast-iron 
lighting posts will be erected at intervals of 110 feet on each 
side of the street. 


San Jacinto, Cal—The first carload of machinery for 
the Heret-San Jacinto Gas Company has arrived, and the 
work of building the plant will go forward at once. T. H. 
Hess is manager of the works, and is making every effort 
to expedite the completion of the construction. ‘ 


Olympia, Wash.—A franchise has been granted to W. S. 
Dole and associates, of Portland, permitting him to con- 
struct a gas plant here for heating, power and light. It is 
stipulated that the site must be purchased by June 1, 1907, 
and the plant be in operation by May 1, 1908. 

Santa Monica, Cal—The Los Angeles-Pacific Company 
has agreed to furnish free electrical energy for arc lamps 
to be installed along Ocean Avenue, between Montana and 
Colorado Streets. The company further offers to install, 
without cost to the city, lamp brackets similar in design to 
those now in use. The matter will comie up before the 
Trustees at their next meeting. 


OIL. 


Coalinga, Cal.—Superintendent S. A. Gibeson, of the 
Associated Oil Company, states that his company will soon 
install a pumping plant on its property on either section 8 
or section 36, and that it will probably move Station 1 to the 
new location. 


San Luis Obispo, Cal.—John W. Baresberg, one of the 
pioneer oil men of this city, and A. J. Redgan have gone to 
purchase rigs and the necessary machinery to commence op- 
erations of the North Star and ths San Luis Obispo Mutual 
oil companies, 


San Luis Obispo, Cal—Outside of San Luis Obispo and 
towns in the southern part of the county, Cambria has been 
the first town in the county to organize an oil company to 
make arrangements to commence development. Messrs. 
Webster, Brooks and Nelson have secured a twenty-year 
lease on the 600-acre ranch owned by Mrs. H. Winteroll. An 
oil company will be organized and the oil developed. 


Los Angeles, Cal—C. L. Danly, sales agent for the 
Fulton Oil Company, has notified the Board of Supervisors 
that he withdraws his offer to furnish the county oil from 
the Sunset field at twenty-five cents a barrel, free on board, 
Maricopa. He gives as his reason the inability to secure 
cars for delivery. It is said that there is more back of 
this than the simple reason given for withdrawing the offer, 
and that a combination among oil men may have had its 
influence in withdrawing the twenty-five-cent quotation. 


